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PREFACE 


In the first section of this volume the chemistry of the dicycUc 
terpenes and their derivatives are surveyed. Few, if any, natural 
products have formed the subject of such intensive study as 
the pinenes and camphor. It is obviously impossible within the 
limits of a monograph to refer to every memoir, but it is hoped 
that no investigations of importance have been omitted. It has 
been considered desirable to include a brief account of Robinson’s 
interpretation of the mechanism of the Wagner rearrangement, 
since this explains in a sjmple and satisfactory manner many of 
the most puzzling problems in the chemistry of camphor. 

Owing to their close relationship to many substances of out¬ 
standing biochemical interest, special importance attaches to the 
sesquiterpenes, which are discussed in Section ii. Within the last 
decade, thanks to the b^iant investigations of Ruzicka and his 
collaborators, their chemistj-y^as been gradually elucidated, but 
much remains to be accomplished. No attempt has been made 
to refer to all the sesquiterpenes, which have been described in 
the literature, and only those which appear to be definitely 
homogeneous have been discussed. 

The writer is indebted to Professor R. Robinson, F.R.S., for 
revising the text dealing with the Wagner rearrangement, and 
his especial thanks are due to Professor C. S. Gibson, O.B.E., 
F.R.S. and Dr R. S. Cahn, who have once again undertaken the 
labour of reading the proofs. 

J. L. S. 

Banoob 
March 1932 




PREFACE TO THE SECOND EDITION 


During the eighteen years which have elapsed since the 
publication of the first edition, our knowledge of the chemistry 
of the dicyclic terpenes and the sesquiterpenes has greatly 
increased. It has been found desirable, therefore, to devote 
this volume to the chemistry of the dicyclic terpenes, and to 
include in a third volume the sesquiterpenes and diterpenes. 

Literature has been consulted up to the close of 1947 and it 
has been found possible to include also some references to work 
published in 1948. 

We are once more indebted to Lt.-Col. H. J. Holman, 
B.Sc., A.R.C.S., for undertaking the laborious task of checking 
all the literature references. 

J. L. S. 

L.N.O. 

Lokbon, 1948 
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THE DICYCLIC TERPENES AND 
THEIR DERIVATIVES 


INTRODUCTION 


"J'he dicyclic terpenes, containing ten carbon atoms, are deriva¬ 
tives of the saturated hydrocarbons thujane (I), carane (II), 
pinane (III), camphane (IV), i^ocamphane (V), fenchane (VI) 
and i^obornylane (VII). 


CHs 


im, 

ia 


in 



cn 


( 1 ) 


CH- 


H,(J CH 




(H) 



( 111 ) 



(VI) (VII) 


The determination of the constitution of the terpenes derived 
from thujane and carane has afforded comparatively little diffi¬ 
culty, since they show little tendency to react abnormally. The 
dicyclic ring structures can in each case undergo fission in two 
directions; thus thujane can give rise to derivatives of either 
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jp-menthane (VIII) or “Isothujan’’ (IX) (compare footnote 
p. 39) and carane to those of ^^-menthane (VIII) and m- 
men thane (X). As will be seen, fission in both directions does 
actually occur. 



a-Pinene (XI) and jS-pinene (XII) may be regarded as the 
parent hydrocarbons of all the terpenes, since they can pass by 
ring fission into dipentene (XIII) and other monocyclic terpenes, 
and by molecular rearrangement into borneol (XIV) and other 
substances containing the camphane nucleus. Since bomeol 
yields camphene (XV) on dehydration, the very close relation¬ 
ship of the dicyclic structures represented by (III), (IV), and (V) 
is obvious. 

This tendency for molecular rearrangements to occur, in¬ 
volving a complete change in ring structure, has added greatly 
to the difficulties encountered in the study of the chemistry of 
these substances. The mechanism involved in these changes, for 
which Robinson has provided a theoretical explanation, is 
discussed later. 

Difficulties of the same kind have been met with in the 
chemistry of the derivatives of fenchane and i^obornylane, both 
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of these dicyclic rings showing a marked tendency to undergo 
the Wagner rearrangement. 



H 3 C CH, 
(XIIl) 


One dicyclic hydrocarbon, santene (XVI), containing nine 
carbon atoms, has been found in nature, and its occurrence has 
been used* as an argument, in the writers’ opinion erroneously, 
against the isoprene theory of the structure of the terpenes. It 
would appear to be improbable that santene is a primary plant 
product, and it seems not unlikely that it is formed from santenol 
(or the related ketone, santenone) (XVII) by a Wagner rearrange¬ 
ment. The alcohol itself can result from the decarboxylation and 
hydration of teresantalic acid (XVIII). These changes have 
been realised experimentally, and it is not without significance 

* Mitter, J. Ind. C»S. 1930, 7, 39. Hitter’s statement, that sylvestrene is a 
natural product, is unsupported by any fresh experimental evidence, and his final 
argument, that santonin is not an isoprene derivative, has been shown to be incor¬ 
rect by the synthetical investigations of Clemo, Haworth and Walton {J,G.8. 1929, 
p. 2368. 
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that teresantalic acid, santenol and santene all occur in East 
Indian sandalwood oil. 
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HgC--r .CH, HgC-C-CHOHf 
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CHAPTER I 


THUJANE AND ITS DERIVATIVES 

A. HYDROCARBONS 

THUJANE 

I 

CH 

/'X 

HO OH., 

I\ I 

H/n OH, 

CJ 

I 

OH 

vH, 

The dicyclic hydrocarbon d-thujane^ (tanacetane or dihydro- 
sabinene), CioH^g (IV), was first described by Tschugacv and 
Fomin,^ who prepared it by the catalytic hydrogenation of 
l-oL-thujene (I), d-^4hujene (II) and d-sabinene (III) in the 
presence of platinum black, using a pressure of 25 atmospheres. 
At tlie same time Kishner * obtained rf-thujane by the distillation 
of ddmthujonehydrazone (V) with potassium hydroxide, whilst 
some years later Semmler and Feldstein* prepared it from this 
derivative by the action of sodium ethoxide at 145°. According 
to Henderson and Robertson" it is also formed in small amount 
when sabinol is hydrogenated in the presence of platinum black. 

Kishner also claimed to have prepared thujane by the oxida¬ 
tion with potassium ferricyanide of thujylhydrazine (VI) which 
can be obtained by the reduction of the hydrazone with sodium 
and alcohol, but it is probable that the hydrocarbon produced 

Seyler ( Ber. 1902, 36, 560) separated from oil of sage a hydrocarbon, salvene, 
b.p. 142-146°, which he considered to have the formula now known to be that of 
thujane. The actual constitution of this hydrocarbon is not known. 

t Compt, rend. 1910, 151, 1058; compare Richter, Wolff and Prestiiig, Ber. 1931, 
64, 876. 

* J. Bubs. Phys. Oy.m. Soc. 1910, 42, 1198. 8 Ber. 1914, 47, 387. 

II J.C.S. 1923,123, 1713; compare Birch, ibid. 1945, p. 811. 
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in this reaction is 1:2-dimethyl-3-isopropylc«/ctopentane (see 
p. 13). 
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di-Thujane has been synthesised by Guha and Krishnamurthy * 


from ethyl l-methyh3-i5opropylcycZopentan-2 
(VII) by the following route: 

-one-1 -carboxylate 

H3C C0,C,H3 

H3C COaC,H3 

H3C C0,C,H3 

Y 

Y 
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Ocf^H, 

HOCH^H, 
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(VH) 




• Btr. 1937,70, 2112. 
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HaC COaCaHa 

HaC COgH 
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(IV) 


Another synthesis^ is based on 2:4-dibromomenthone (VIII) 
which on treatment with zinc dust in alcohol gives a mixture 
of the ketothujane (IX) and l-methyl-4-i6‘opropylci/ciohexadien- 
3-one (X). The ketothujane, which is isomeric with thujone, has 
b.p. 110-112714 mm., 0-9010, 1-4505, [a]|/“ + 25°, and 

gives two semicarbazonea, (i) m.p. 175-176° and (ii) m.p. 150-151°, 
both of which show the same specific rotation [a]|) “ — 53° in acetic 
acid. 

uhj, 

L 
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♦ Guha and Nath, Ber. 1937, 70, 931. 
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Reduction of the ketone with sodium and alcohol takes place 
with ring scission to give menthol {XI), but by the Clemmensen 
method it gives thujane (IV), b.p. 156-157°, 0*8140, 

1*4410, [a]p“ + 8*5°. Apart from the low specific rotation, 
these physical constants are in good agreement with those 
observed for a specimen of the hydrocarbon, b.p. 155-156°, 
0*8120,1*4435, [a]yj^" +49*4°, prepared by Olemmensen’s 
reduction of rf-isothujone (XII). For the hydrocarbon prepared 
from ?-a-thujene Tschugaev and Fomin quoted the constants 
b.p. 157°/758mra., 0*8139, 1*4375, [ajj^ +62*03°. The 

calorific value, determined by Roth and Ostling^ is 1508*6 
kg.-cals. 

Thujane, a colourless mobile oil, with a faint odour, gives no 
characteristic crystalline derivatives suitable for its identifica¬ 
tion. According to Zelinski and Kasansky its solution in acetic 
anhydride gives a bright red colour with concentrated sulphuric 
acid, a reaction also shown by a-thujene. 

When distilled over palladinised charcoal at 160-162° in a 
current of hydrogen, ^Z-thujane gives 1: 2-dimethyh^ABopropyl- 
ojcXopentane (XIII),+ b.p. 159*5-160*5°/771 mm., 0*7910, 
w.];’ 1*4344, a hydrocarbon which had been prepared previously 
by Kishner (see below), Zelinski and Lewina* have shown that 
(Z-thujane is isomerised when distilled in a current of carbon 
dioxide over platinised charcoal at 300°. The hydrocarbon, 
CjoHjg, b.p. 163*5-164*5°, 1*4452, is considered to have one 

of the formulae (XIV), (XV), or (XVI), but no direct proof of its 
constitution has been obtained. 

Thujane reacts very slowly with potassium permanganate in 
the cold but, on warming, oxidation occurs to give oL-methyU 
(x!-isopropyladipic acid (XVII).* 

The tendency for thujane to yield cycZopentane derivatives 
exemplified above is also shown in its reaction with bromine and 
hydrogen bromide. According to Kishner ” it reacts readily with 
bromine to give an unstable dibromide, CioHigBrg, the addition 
of bromine being evidently accompanied by ring fission. The 

* Ber. 1913, 46, 323. 

+ Zelinski and Kasansky, Ber, 1927, 60, 1098. 

* Annalen, 1929, 476, 65. 

* Guha and Krishnamurthy, foe, cit. 

li J. Rms. Phys. Chem. Soc. 1910, 42, 1198; 1911, 43, 1157. 
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constitution of this substance, together with that of the hydro¬ 
carbon CiqHis, obtained from it by the action of alkali, has not 
been determined. 
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(XIV) 

(XV) 

(XVI) 

(XIX) 


With hydrogen bromide in acetic acid solution the nature of 
the product depends upon the time allowed for the reaction to 
proceed. After two days an unstable hydrobromide, CioHj^Br, is 
obtained, whilst after two months a stable hydrobromide of the 
same composition can be separated. Kishner considers that 
these two bromides are probably ci^-^mA^s-isomerides, having 
the structure represented by (XVIII). The stable bromide does 
not react with alkali, but when digested with quinoline it gives 
an unsaturated hydrocarbon, CioHig, b.p. 162-164^/755 mm. 
A hydrocarbon having very similar constants, b.p. 163-164°, 
djr 0-8131, 1-4540, [a]^) -1-2-88°, can be prepared by the 

action of alkali on the unstable bromide, whilst by the inter¬ 
action of thujane with hydrogen iodide followed by treatment 
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of the hydriodide with alkali, a third hydrocarbon, b.p. 162- 
163°/742 mm., 0-8105, Ujy 1-4527, [a] 2 > +0-22°, is obtained. 
There can be Httle doubt that these three hydrocarbons are 
identical and, assuming them to be homogeneous, they must be 
represented by one of the formulae (XIV), (XV), or (XIX). On 
hydrogenation by the Sabatier-Senderens process^ they yield 
1 :2-dimethyl-3-mopropylcyclopentane (XIII), the constitution of 
which has been established by Kasansky.^ 

Thujane may be heated with sulphuric acid (1:6) at 140° 
without undergoing any change (Kishner), but it is resinified by 
the concentrated acid and reacts with violence with nitric- 
sulphuric acid mixture (Zelinski and Kasansky). 


ol-THUJENE 

OH3 

/\ 

HC CH 



Although Z-a-thujene was prepared by Tschugaev* in 1900 by 
methods to be described, the occurrence of d-a-thujene in nature 
was first observed in 1923, when Simonsen* showed it to be the 
chief constituent present in the terpene fraction of the oil 
derived from the gum-oleo-resin of Boswellia aerrata Roxb. It is 
only recently, however, that Birch and Earl” have shown that 
the hydrocarbon ''origanene ” is a mixture of d- anddZ-a-thujene. 
Origanene was first isolated in 1908 by Kckles^ from Cyprus 
origanum oil, who gave the physical constants b.p. 160-164°, 
0-847, Uj) 1-480, and described a nitroaochloride decomposing 
at 91-94°, A-nitrolpiperidide, m.p. 198°, and a nitrolbenzylamine, 

* Kishner,«/. Buss, Phya, Chem. 8oc, 1912, 44, 1769. ^ Ber* 1929, 62, 2205. 

» Ibid. 1900, 88, 3120; 1901, 84, 2276. » Ind. Far. Bee. 1923, 9, 289. 

» J. Proc. Boy. 8oc. New South Wales, 1939, 72, 66. 

5 J.C.8. 1908, 93, 862; compare Henry and Paget, J.C.8. 1931, p. 25. 
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m.p. 104-105°. Birch^ isolated the same hydrocarbon from 
Eucalyptus dives, and it was from a further examination of this 
material that its identity was eventually established. 

It was found by Tschugaev that when the methylxanthate of 
thujyl alcohol (I) or thujyltrimethylammonium hydroxide (II) was 
distilled, a mixture of hydrocarbons was obtained which could 
be separated into two main fractions, (i) b.p. 147*5-149-5° and 
(ii) b.p. 152-162‘5°. The latter, which was formed in larger 
quantity, was designated oL-thujene and the former p-thujene. 
Contemporaneously, Kondakov and Skworzov^ prepared a- 
thujene by the removal of hydrogen chloride from thujyl chloride 
(III) and also by Tschugaev’s xanthate method. 

The subsequent investigations of Kondakov and Skworzov* 
and of Tschugaev and Fomin* showed the hydrocarbons so 
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* J, Pfoc. Roy, Soc, New South Wides, 1938, 71, 330. 

+ Chem.-Ztg, 1902, 26, 720; J. pr. Chem. 1903 [ii], 67, 574; 1904 [ii], 69, 176. 

* J, Buas, Phye, Chem, Soc, 1910, 42, 497. 

* Ber, 1912,46,1293; compare Henderson and Robertson, J,C,S, 1923,128,1715. 
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obtained to be a mixture of both structural and stereoisomerides. 
By the decomposition of the liquid methyl xanfhate of d-iso- 
thujy] alcohol (see p. 27) at 138°, Tschugaev and Fomin prepared 
what they considered to be pure Z-a-thujene. 

An inspection of the formula of either thujyl alcohol or of the 
trimethylammonium hydroxide, the constitutions of which have 
been rigidly established, shows that, by their decomposition, the 
formation of two structurally isomeric hydrocarbons (IV) and 
(V) is theoretically possible. There is no doubt, however, that the 
higher boiling hydrocarbon, a>thujene, must be represented by 
formula (IV), since, on oxidation with potassium permanganate, 
it yields, depending upon the conditions used, either on-thuja- 
ketonic acid (VI) or oc-thujadicarboxylic acid (VII).’^ The evidence 
for the constitution of these two acids is given on p. 36, and it 
is obvious that the formation of the ketonic acid (VI) definitely 
establishes the constitution of the hydrocarbon. 

a-Thujene has also been obtained by the reduction of sabinol 
with sodium in liquid ammonia.^ It is a colourless mobile oil 
with a somewhat penetrating odour quite different from that 
of a-pinene. For the natural hydrocarbon Simonsen observed 
the following constants: b.p. 152-152-5°/699 mm., 0-8314, 
1-4502, +37-69°, whilst for the synthetic terpene 

Tschugaev and Fomin quote the values: b.p. 151°/759mm., 
0-8301, 1-4515, [a]j^ —37-20°. It will be observed that 

the constants for the natural and synthetic hydrocarbons are in 
good agreement except that the boiling-point of the natural 
hydrocarbon is about 2° higher.* According to Simonsen, d-cn- 
thujene slowly racemises on keeping. It shows complex rotatory 
dispersion.® 

a-Thujene can be identified by its low density, by oxidation 
to on-thujaketonic acid, and by its conversion into terpinene 
dihydrochloride by the action of hydrogen chloride. A nitroso- 
chloride, m.p. 85-90°, and a l-nitrolpiperidide, ni.p. 180°, have 
been described by Birch." 

* Wallaoh, Annalen, 1906, 850, 166; Simonsen, loc, ciL; compare Kondakov and 

Skworzov, J, pr, Chem. 1904 [ii], 69, 181; J, Russ, Phya. Cham, Soc. 1910, 42, 499; 
Tschugaev, Ber. 1904, 37, 1484. + Birch, J,C.8, 1946, p. 811. 

* The natural hydrocarbon contains a small percentage of d-a-pinene. 

* Padmanabhan and Jatkar, J. Arner. G.8. 1935, 57, 334. 

I* J. Proc. Roy, Soc, New South Wales, 1938, 71, 330; J,G,S, 1945, p. 811. 
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On reduction with hydrogen in the presence of platinum black 
Z-a-thujene is converted smoothly into the saturated hydro¬ 
carbon, A-thujane (VIII) (see p. 6)* If, however, the reduction 
is carried out by the Sabatier-Senderens method with a 
nickel catalyst, a hydrocarbon, C^oIIgo, b.p. 160-161^/740 mm., 
0*7891, 1*4313, is obtained. It is evident that under 

these conditions fission of the ci/cZopropane ring occurs, since 
Zelinski and Kasansky ^ have shown that the same hydrocarbon 
results when a-thujene is distilled over nickel in a current of 
carbon dioxide, some jp-cymene being also formed. Kasansky" 
has shown this hydrocarbon to be 1:2-riim6ZAyZ-3-isoprop^Zcyclo- 
pentane (IX). 


CH, 

CH, 

ia 

ia 


H,(J.CH"^%H, 

1 ] 

H.C , CH, 

Hc—in. 

^ 1 
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CH 

CH 
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(VIII) 

(IX) 


Apart from potassium permanganate, to which reference has 
already been made, the action of oxidising agents on a-thujene 
has not been investigated. Rau* has shown that the terpene is 
only very slowly attacked by oxygen and in the presence of a 
trace of pyrogallol there is no oxidation in five months. According 
to Tschugaev" it yields with mercuric acetate in acetic acid 
solution a crystalline derivative. 

The cj/cZopropane ring in a-thujene is unstable and readily 
undergoes fission. By the action of hydrogen chloride or hydrogen 
bromide in acetic acid solution the corresponding terpinene 
dihahgenides (X) are formed, whilst when shaken for some days 
with ^lute sulphuric acid, a mixture of l 'A4erpin (XI) and 
terpineneA-ol (XII)’ is produced. With boiling 5 per cent. 

* Tsohugaev and Fomin, Compt. rend, 1910,161, 1059. 

+ Ber, 1927, 60, 1096. 

* Ibid, 1929, 62, 2206. 

« Jnd. For. Bee. 1924,11, 206. " Ber. 1900, 33, 3121. 

5 Gascoigne, J, Proc. Boy. Soc. New Sotiih WedeSt 1940, 74, 359. 
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ethanolic hydrogen chloride it gives a mixture of a- and y- 
terpinenes (XIII) and (XIV)."^ 
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The hydrocarbon, CioHie> to which the name jS-thujene has 
been given, was described simultaneously by Tschugaev^ and 

* WalUoh, Annalen, 1906, 350, 167; Simoiuien, loo. eit. p. 298. 
t Ber. 1904, 87,1483. 
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Kondakov and Skworzov,^ who prepared it by the distillation 
of methyl thujylxanthate (I). As mentioned on p. 11, Z-a-thujene 
(III) is the main product of the reaction, but, as Tschugaev and 
Fomin^ found later, rf-j9-thujene (II) is best prepared by the 
decomposition of the methyl xanthate of Z-thujyl alcohol (see 
p. 28) at 183°. 
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According to these authors the hydrocarbon has the following 
constants, although they do not regard it as absolutely pure and 
free from a-thujene : b.p. 1477739 mm., 0*8208, 1*4470, 

[a]x)-h 110*7°, values in close accord with those found by 
Kondakov and Skworzov* for a specimen purified by treatment 
with potassium permanganate. 

Although at one time j8-thujene was considered to be a stereo- 
isomeride of a-thujene, this would appear to be unlikely, in view 
of the marked difference in their physical properties. The problem 
of the constitution has been mainly investigated by Kondakov 
and Skworzov. These authors consider the hydrocarbon to be 
most probably represented by (II), since on oxidation it yields 
an optically inactive acid, CioHie 04 , m.p. 146°, dhhomothuja- 
dicarboxylic acid (IV). An optically inactive form of this acid 
was described by Wallach,* who prepared it by the action 
of sodium hypobromite on thujone. Wallach^s acid melted at 
179°, but since homothujadicarboxylic acid contaii^ three 
asymmetric carbon atoms and can exist in ci^-Zraii^-modifica- 
tions, the two acids are very probably structurally identical. The 

* /. pr. Chem. 1903 [ii], 67, 674; 1904 [ii], 69, 176. t Ber, 1912, 45, 1293. 

* J, Rus8, Phya, Cham, Soc. 1910, 42, 497. 

* Annalen, 1893,276,180; 1902, 323, 373; compare Semmler, Bar. 1903, 36, 4367. 
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constitution of j8-thujene cannot, however, be regarded as rigidly 
established. 

The properties of j8-thujene have been little studied. On 
catalytic hydrogenation Tschugaev and Foulin’^ showed that 
thujane was formed identical in all resj)ects with the hydrocarbon 
prepared from a-thujene. It has been found by Kondakov and 
Skworzov to be remarkably resistant to oxidation by potassium 
permanganate, which provides a convenient method for its 
purification, and they have suggested the possibility that it is 
tricyclic, but this would appear to be unlikely. 

SABINENE 

OH, 



Although Dumas,^ Levy* and Fromm* had observed that oil of 
savin (from Juniperis Sabina L.) appeared to contain a hydro¬ 
carbon differing in its properties from pinene, it remained for 
Semmler" to separate the hydrocarbon, to which he gave the 
name sabinene, in a pure state and to determine its constitution. 

The hydrocarbon present in oil of savin is dextrorotatory, and 
this has subsequently been found to be the case with the majority 
of other oils in which its presence has been established. The 
laevorotatory form was, however, shown by Simonsen and Rau^ 
to occur in the oil from the seeds of Zanthoxylnm Budrunga Wall., 
whilst Penfold and Simonsen*’^ have isolated dZ-sabinene from the 
oil of the leaves of Murraya Koenigii Spreng. 

♦ Compt. rend. 1910,161, 1059. 

t Annalen, 1835, 16, 159. * Ber. 1885, 18, 3206. 

* Ibid. 1900, 83, 1192. » Ibid. 1900, 33, 1463. 

5 Ind. For. Bee. 1922, 9,141; compare Semmler and Schossberger, Ber. 1911, 44, 
2889. 

♦♦ J. Proc. Boy. 8oc. New South Waks^ 1925, 49, 146. 
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The constitution of ^-sabinene (I) was determined by Semmler^ 
in an investigation of the products formed on oxidation with 
potassium permanganate. When acted upon by this reagent 
under carefully controlled conditions, the two main products 
formed are (i) a glycol, CiQHig02 (IT), and (ii) a hydroxy acid, 
CjoHigOg (VI), whilst an isomeric acid was also separated to 
which Semmler ascribed formula (X); this cannot, however, be 
considered as fully established. 

The glycol, d-sabinene glycol, m.p. 54°, b.p. 148-150715 mm., 
^ 20 “ 1.Q21, Uj) 1-402, was dextrorotatory and when warmed with 
dilute sulphuric acid gave by fission of the cyc/opropane ring 
a dihydrocuminalcohol, which is probably rei)resented by (III), 
although no direct evidence of the position of the ethylenic 
linkages is available.^ The relative positions of the isopropyl 
and primary alcohol groups are, however, estabhshed by its 
conversion on controlled oxidation with chromic acid to cumin- 
alcohol (IV). The instability of the cycZoproy)ane ring in the glycol 
is further exemphfied by its conversion, on treatment with cold 
dilute sulphuric acid, into the isomeric unsaturated glycol, which 
probably has formula (V). The oxidation of sabinene to a glycol 
containing a primary alcohol group indicated the presence in 
the hydrocarbon of an exocyclic ethylenic linkage, a conclusion 
fully substantiated by the study of the properties of the hydroxy 
acid, d-sabinenic acid (VI), This acid, like the isomeric acid, 
nopinic acid, derived from jS-pinene (seep. 192), can be separated 
readily by taking advantage of the sparing solubility of its 
sodium salt. 

Sabinenic acid, d- and Z-forms, m.p. 57°, dl-, m.p. 84-85°, was, 
as mentioned above, first prepared by Semmler, a more convenient 
process for its isolation being described by Wallach.* On further 
oxidation with an acid solution of potassium permanganate or 
with lead peroxide it gives a ketone, sabina ketone (VII), b.p. 
218-219°, 0-9555, [a]^, —24-41° {semicarbazone, 

m.p. 141°), which is also formed by the direct oxidation of 
sabinene. On hydrogenation or reduction with sodium and 
alcohol, sabina ketone gives d-on-sabina ketol,^ b.y5. 100°/16 mm., 

* Ber. 1900, 33. 1463; 1902, 36, 2047. 

+ Compare Wallach, Annalen, 1906, 345, 161; 1908, 360, 95. 

* Amuden, 1908, 369, 266. • Short and Read, J,C.S. 1939, p. 1416. 
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d\T 0-9397, 71 !)“ 1-4670, 4-88-8° {p-nitrobenzoate, m.p. 89-5°, 

4-94° in chloroform; S:5-dinitrobenzoatey m.p. 70°, 
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(IX) 


[*]S>° +81'6° ih chloroform) from which pure 2-sabina ketone 
may be obtained by oxidation with chromic acid. The ketone 
prepared in this way had b.p. 91‘5°/n mm., df?” 0‘9496, 
1*4672, a}J° —19*8°, [a]J^° —34*2° in alcohol (semioarbazone, 
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m.p. 135-137°, [a]}?" -h 137-5° in methanol; 2:4:-dinitrophenyU 
hydrazone,m.^, 124°, [a]^^" + 135-2° in chloroform). Aminationof 
sabina ketone with ammonium formate gives sabina ketylamine, 
b.p. 63-64°/19 mm., 1-4705, +43-8° (hydrochloride^ m.p. 

225°; i^-niirobenzoyl derivative, m.p. 141°). Although sabina 
ketone is stable to potassium permanganate, it is readily iso- 
merised by hot dilute sulphuric acid to 4-isoprop^i-A2-cyclo- 
hexenone (IX), the same ketone being formed when the semi- 
carbazone is hydrolysed with dilute sulphuric acid.* On oxidation 
with sodium hypobromite it yields a dibasic acid, cx.-thujadicar- 
boxylic acid (VIII), identical with the acid obtained by the 
degradation of a-thujene and.thujone (see pp. 12, 36). The 
formation of this acid establishes beyond question the structure 
of the cjycZopropane ring present in sabinene and shows the 
suggestion of Kondakov and Skworzov,^ that it is a carane 
derivative, to be incorrect. The subsequent study of the pro¬ 
perties of sabinene have fully confirmed the structure assigned 
to it by Semmler. 

Sabinene has not been prepared synthetically, the method 
successfully employed in the case of /S-pinene (see p. 196) failing 
owing to the ready fission of the c^ctopropane ring (see 
below). 

Since sabinene cannot be purified through any crystalhne 
derivative, some variation occurs in the physical constants 
given in the literature, but the following may be regarded as 
average values: d-sabinene, b.p. 163-165°, d^^^ 0-842,1-465, 
Wn +80-17°; i-sabinene, b.p. 161-5-163°/705 mm., dfo* 0-8407, 
nlJ" 1-465, [a]j^ —46-19°. As has been remarked by Auwers, 
Roth and Eisenlohr,* the exaltation of the molecular refraction 
( + 1-34) is one of the highest which has been observed in the 
terpene group, and it must be ascribed to the conjugation of the 
exocyclic bond with the ci/cZopropane ring. Padmanabhan and 
Jatkar* have drawn attention to the anomalous rotatory dis¬ 
persion shown by sabinene. The calorific value is 6179 kg.-cals. 

Sabinene can be readily identified by oxidation of the appro¬ 
priate fraction with potassium permanganate to sabinenic acid. 

♦ Wallach, Annaien, 1908, 369, 270; 1913, 897, 208. 

+ J, pr. Chem. 1904 [ii], 69, 170. * Annalen, 1910, 373, 275. , 

• Amer. C,S. 1936, 67, 334. 
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The catalytic hydi'ogeaation of the hydrocarbon in the presence 
of platinum and palladium was investigated simultaneously by 
Tschugaev and Fomin’*' and by Wallach/ who regarded the 
hydrocarbon obtained as d-thujane. A reinvestigation of this 
reduction by Richter, Wolff and Presting* has shown, however, 
that whilst in the presence of platinum black d-thujane, b.p. 
50*4-50*778 mm., 0-815, 1*409, old +12*4°, is obtained, 

when colloidal palladium is the catalyst a more deep-seated 
change occurs and 1:2- dimethyl - 3 - impropyleyclopentene is 
formed. The position of the ethylenic linkage has not been deter¬ 
mined, but the hydrocarbon is probably represented by (XI). 
On further reduction it is converted into 1:2-dimethyl-3-i50- 
propylcj/cZopentane. The reaction is analogous therefore to that 
which occurs when d-thujane is distilled over palladinised 
charcoal (see p. 8). 

On ozonolysis, as was to be anticipated, sabinene behaves 
normally and yields sabina ketone (VII).* The action of hydrogen 
peroxide in acetic acid solution on the hydi*ocarbon has been 
investigated by Henderson and Robertson," who have found 
that two isomeric glycol anhydrides, (A) m.p. 174°, [a]^) -f 34-3° 
(in alcohol) and (B) m.p. 172°, [a]^ ± 0°, were formed. To these 
glycols Henderson and Robertson ascribe formula (XII), the 
oxidation being accompanied by fission of the cycZopropane ring. 
The glycol anhydride (B) gives with hydrogen bromide a tetra- 
bromide, m.p. 159-160°, which is probably 1:2:3:4-ZeZm6romo- 
^-mentJmne? In order to determine their constitution the two 
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* Compt, rend. 1910,161, 1061. 

t Nach: K. Oes. OoUingm, 1910, p. 644. * Ber. 1931, 64, 871. 

» Schmidt, Z. angew. Chem. 1929, 42, 126. » J.C.S. 1923,123, 1849. 

5 Henderson and Robertson, J.C.8. 1926, p. 2762. 
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anhydrides were oxidised with potassium permanganate, when 
the optically active and inactive forms of (xS-dihydroxy-x-rnethyl- 
S-isopropyladipic acid (XIII) were obtained, which would appear 
to substantiate the formula assigned to the glycol anhydrides. 
These two substances are probably stereoisomers of the sub¬ 
stance, m.p. 62-64°, prepared by Nelson from ascaridole which, 
on oxidation with potassium permanganate, gives 1:4-cineolic 
acid (see Vol. i, p. 449). 

By oxidation of sabinene with chromic acid, Treibs and 
Schmidt* obtained a mixture of p-cymene, cuminaldehyde and 
4A&opropyl-A^-Qyclohexenone (IX). With chromyl chloride, Hen¬ 
derson, Robertson and Brown ^ found the oxidation to proceed 
in a more complicated manner, to yield a dicyclic aldehyde, 
mbinenilanaldehyde^ (XIV), b.p. 215-217° (semicarbazone, m.p. 
145-149°) which can be oxidised very readily to the corre¬ 
sponding acid, sabinenilanic acid (XV), m.p. 175-176°; small 
quantities of 4-i5opropyl-A^-cyctohexenone (XVIa) and p-tolyl 
methyl ketone (XVIb) were formed also. 
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With bromine, sabinene yields a hquid dibromide, ^ Kondakov 
and Skworzov" stated that, by the action of the halogen acids 
on d-sabinene in acetic acid solution, dipentene dihalogenides 
were formed. This observation was, however, shortly afterwards 
shown by Wallach^ to be incorrect, and that in acetic acid 
solution the terpinene dihalogenides (XVII) are produced. If, 

* Ber. 1928 , 61 , 469 , 

^ J.V.S. 1922,121,2717; compare Henderson and Robertson, ibid. 1921,125, 765. 

* The authors do not mention if these substances were optically active. 

* Semmler, Ber. 1900, 33, 1464. “ J. pr. Vhem. 1904 [ii], 60, 176. 

1 AnnaUn, 1906,350, 164; 1907, 356, 199. 
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however, the reaction is conducted in the absence of a solvent 
or in carbon disulphide solution, care being taken to exclude all 
traces of moisture, then a laevorotatory monohydrochloride 
(XVIII), b.p. 82-8679 mm., [aj^ is obtained.* 

The tendency for sabinene to pass into derivatives of a- 
terpinene is further exemplified in its reactions with dilute 
sulphuric acid, which have been investigated by Wallach^ and 
which have already been referred to (Vol. i, p. 277). When the 
hydrocarbon is shaken with dilute sulphuric acid it passes readily 
into terpinen'4:‘ol (XIX) and l A-terpin (XX). The conversion 
into terpinen-4-ol occurs also when the terpene is treated with 
formic acid.* 
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This facile fission of the cyclopropane ring is in marked contrast 
to that observed in the case of the carenes, which do not react 
with dilute sulphuric acid. 

The alcohol, sabinene hydrate (XXI), m.p. 38-39°, b.p. 195- 
201°, which can be prepared by the action of the Grignard 
reagent on sabina ketone,* shows a similar instability and, when 
shaken with dilute sulphuric acid, gives the same products as 
the parent hydrocarbon. Sabina ketone condenses apparently 
normally with ethyl bromoacetate in the presence of zinc to give 
a hydroxy ester yielding on hydrolysis the unsaturated acid 
(XXII), m.p. 67-68°." Although this acid loses carbon dioxide 
on distillation, it does not yield sabinene, but the monocyclic 
terpene, jS-terpinene (see Vol. i, p. 186). 

* Semmler, Ber, 1906, 39, 4420; 1907,40, 764, 2969; WaJlaoh, Ber, 1907, 40, 590; 
AnndUn, 1907, 366, 198. 

t AnnaUn, 1906, 360,165; 1908, 360, 98. * Ber. 1906, 860, 165; 1908, 860, 98. 

« WaUach, AnnaUn, 1907, 367, 66; 1908, 360, 94. « Annakn, 1908, 862, 287. 
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By the condensation of sabinene and isoprene, Semmler 
and Jonaa’^ prepared a monocyclic sesquiterpene, b.p. 129- 
135715 mm., 0-890, 1-5017. 

Attention has already been directed (Vol. i, 435) to the 
possible biogenic relationship between sabinene, terpinen-4-ol 
and 1:4-cineole. 

B. ALCOHOLS 


THUJYLALCOHOL 
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The secondary alcohol, thujyl alcohol, CjoHigO, known also as 
tanacetyl alcohol, was found by Schimmel and Co.^ to be present 
in the free state and combined with various acids in oil of worm¬ 
wood (from Artemisia Absinthium L.). Prior to its discovery 
in nature, the alcohol had been prepared simultaneously by 
Wallach* and by Semmler* by the reduction of thujone (p. 46) 
with sodium and alcohol. From its method of preparation and 
from the fact that on oxidation it can be reconverted into the 
parent ketone (I), it follows that it must be represented by 
formula (II). 
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* Btr. 1914,47, 2081. 

* Anmlm, 1892,2^, 109. 


( 11 ) 

t Schimmd's BtpoH, 1897, April, p. 48. 
I Her. 1892, 26, 3344. 
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Inspection of the formula of thujyl alcohol shows that it can 
exist theoretically in eight optically active and four, externally 
compensated modifications. The natural alcohol, and that pre¬ 
pared by the reduction of thujone, are mixtures of stereoiso- 
merides, which have been investigated by Paolini and his 
collaborators,* by Tschugaev and Fomin,^ and by Short and 
Read.^ 

By the reduction of jS-thujone (d-/5othujone) from tansy oil, 
Paolini prepared a thujyl alcohol, b.p. 206-209"^, 0-925, 

njj" 1-4635, 4-69-49°, the hydrogen phthalate of which on 

fractional crystallisation gave a d-thujyl hydrogen phthalate, m.p. 
120 °, [a]j 3 4-91-27°. From this by hydrolysis a d-thujyl alcohol, 
b.p. 206°, 0-9229, 1-4625, [a]^ 4-114-6°, was obtained. 

An isomeric dextrorotatory alcohol was prepared by Paolini and 
Divizia by the reduction of a-thujone (/-thujone) from thuja oil. 
From this alcohol a hydrogenphthklate, m.p. 95-96°, [a]^) 4- 2-28°, 
was obtained and this gave on hydrolysis an alcohol, [a]^ 4- 50-0°, 
for which the name 8-thujyl alcohol was suggested. 

Tschugaev and Fomin, who also used the hydrogen phthalates 
for the purification of the thujyl alcohol prepared by the reduction 
of thujone, fractionally crystallised the cinchonine salt. From 
the sparingly soluble fraction of this salt they obtained an alcohol 
having dl?" 0*9187, [a]jf) 4-116-9°, and Paolini’s rf-thujyl alcohol 
may contain this as its chief constituent. The hydrogen phthalate 
regenerated from the soluble cinchonic salt was further purified 
by crystallisation of the strychnine salt. A second hydrogen 
phthalate, so obtained, gave on hydrolysis a crystalline l-thujyl 
alcohol, m.p. 28°, [a]p —9-12°. 

Short and Read have studied the hydrogenation of /-thujone 
(III) and have shown that the main product is \4hujyl alcohol, 
which was obtained in a pure form by repeated crystallisation 
of the ^-nitrobenzoate. By reduction of either /-thujone or 
d-i^othujone with sodium and alcohol, they have obtained d-iso- 
thujyl alcohol (probably identical with the dextrorotatory alcohol 
of Paolini and of Tschugaev and Fomin), which was purified 
through the p-nitrobenzoate or the 3:5-dinitrobenzoate. A third 
stereoisomer, \-neothujyl alcohol, was prepared by the hydro- 

* Atti M, Accad, Lincei, 1911 [v], 21, i, 670; Oazzetta, 1912, 42, i, 41. 
t Ber, 1912, 45, 1293. ♦ J.C.5. 1938, p. 2016; 1939, p. 1040. 
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genation of d-sabinol (IV) (see p. 31) in the presence of a 
platinum catalystand it may also be isolated from the reduction 
products of Z-thujone. It is probably identical with the crystal- 


line alcohol of Tschugaev and Fomin. 
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The properties of these alcohols and of some derivatives are 
given in the table below: 


m.p. 

\-Thujyl alcohol 66-H7^ 
l-moThujyl 22-23° 


alcohol 

A-moThujyl 

alcohol 


hThujyl alcohol 

alcohol 
d-isoThi^yl alcohol 


[a]z» 

b.p. rfjf '/</) az> (in ethanol) 


- — -22*5° 

96°/13mm. 0*9223 14(524/25° — - 8*8° 

103°/l()mm. — 14()3()/14° +108-8 — 


P- 

Nitrobenzoate 

.A , .. . . 


[a]/> 

m.p. 

(in chloroform) 

101° 

- 32 2° 

90° 

- 12-6° 

78° 

+ 107° 


3: 5-Dinitrobenzoate 

—-"-X 

ra]n 

m.p. (in chloroform) 
106° -24-5° 

103° -100° 

92° +96-7° 


The nomenclature is similar to that adopted in the menthol 
series (Vol. i, p. 233). Both Z-thujyl alcohol and Z-neothujyl 
alcohol on oxidation with cliromic acid give i-thujone, whereas 
d-i^othujyl alcohol gives d-iaothujone, which would also be 
formed from neoisothujyl alcohol. It is not certain whether this 
alcohol has yet been prepared; it is possibly identical with the 
8-thujyl alcohol of Paolini. 

Short and Read have shown that Z-thujyl alcohol reacts more 
readily than Z-?^6othujyl alcohol with ^-nitrobenzoyl chloride. 


♦ Compare Semmler, Ber. 1900, 38, 1461; Wallach, Nach. Gea. Wise. Gott. 1919, 
3, 321; Henderson and Robertson, J.G.S. 1923,123, 1716. 
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From analogy with similar considerations in the menthol series 
the latter is therefore considered to be the cis- form. Assuming 
that /-thujone has a ^mns-configuration, since it has a lower 
refractive index and density than ci!-i.9othujone, the various 
alcohols and ketones may be represented as shown below, 
although it must be emphasised that in the absence of further 
evidence the configurations cannot be regarded as finally estab¬ 
lished. 
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Thujyl alcohol^ is a colourless substance with an odour 
resembhng that of carvomenthol. Owing to the presence of the 
cycZopropane ring the molecular refraction shows a marked 
exaltation (-h 0*62). The calorific value determined by Roth and 
Ostling^ is 1479*4 kg.-cals. and is higher than that of borneol. 

The alcohol can be identified readily by oxidation to IjJiujone 
and the preparation of the characteristic derivatives of the 
ketone. 

Thujyl alcohol shows considerable stability and unlike thujone 
it does not isomerise when heated. With the halogens it does not 
yield any characteristic derivatives, whilst with the halogen 
acids the reactions taking place would appear to be somewhat 
complex. By the action of hydrogen chloride in acetic acid 
solution or with phosphorus pentachloride in light petroleum, 
thujyl chloride is obtained.* This chloride, which boils over a 

♦ Unless specified, this term may be taken to refer to a mixture of stereoisomerides. 

t 1913 46 323. 

* Semmler.W. 1892, 26, 3345; Kondakov, J. pr. Chem. 1900 [ii], 62, 176. 
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wide range, 72-82°/10 mm., is not homogeneous and is a mixture 
of thujyl chloride (V) and monocyclic chlorides formed by the 
fission of the ci/cZopropane in either of the two directions indicated 
by the partial formulae (VI) and (VII). The presence of thujyl 
chloride in the mixture was proved by Kondakov and Skworzov,^ 
who showed that on treatment with alkali a mixture of a- and 
^-thujipnes was obtained. 
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With hydrogen bromide in acetic acid solution^ a mixture of 
bromides is obtained, b.p. 100-128°/! 1 mm., which apparently 
does not contain any thujyl bromide, since treatment with alkali 
gives a mixture of monocyclic alcohols, CjoHigO, b.p. 218-225°, 
the nature of which has not been determined. Although thujyl 
alcohol is decomposed on warming with dilute sulphuric acid, 
it is stable in the cold and differs in this respect from sabinol* 
(compare p. 32). 

A number of esters of thujyl alcohol have been described, but 
esterification does not take place smoothly owing to the tendency 
for hydrocarbon formation to occur simultaneously. Of par¬ 
ticular interest are the methyl thujylxanthdtes, CioHj^O. CSg. CHg, 
first prepared by Tschugaev* and subsequently investigated 
more thoroughly by Tschugaev and Fomin." When prepared 
from ordinary thujyl alcohol these esters are oils, which decom¬ 
pose on heating, yielding a mixture of a- and jS-thujenes. The 
ester prepared, however, from d-iaothujyl alcohol decomposes at 
138° with formation of pure Z-a-thujene; that from Z-neothujyl 

* J, pr, Chem, 1904 [ii], 69, 176. t Kondakov, Chem.-Ztg. 1902, 26, 723. 

* Wallaoh, Anndlen, 1896, 286, 109; 1908, 360, 93. 

* Ber, 1900, 88, 3120. " Ibid. 1912, 46, 1293. 
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alcohol is more stable and only decomt)oses at 183*^ to give 
mainly d-jS-thujene. 

Attention may be directed finally to the interesting investiga¬ 
tions of Charabof^ on the oil content of the French A . Absinthium 
at different periods in the growth of the herb and the relative 
proportions of thujyl alcohol (or thujyl esters) and thujone 
present. A parallel investigation on the American herb has been 
made by Rabak.^ 


SABINOL 

CHa 

I 



d-Sabinol, CioH^eO, occurs in nature, both free and in the form 
of its acetate, in oil of savin (from Juniperis Sabina L.).* 
d-Sabinol was first investigated by Fromm, who showed that 
it was an unsaturated alcohol, CioHjeO, which on oxidation with 
potassium permanganate gave x4hujadicarboxylic acid (III) and 
' contained therefore the dicyclic structure of the hydrocarbon, 
sabinene. At the time of these experiments the constitution of 
a-thujadicarboxylic acid was not known. A more comprehensive 
study of the oxidation products of d-sabinol was made by 
Semmler,* and he was able to show that the alcohol must have 
formula (I). By the action of cold dilute potassium permanganate 
a trihydroxy alcohol, sabina glycerol (II), m.p. 152-153'^, is 
formed, which, when shaken with dilute sulphuric acid, is con¬ 
verted into an unsaturated glycerol, probably &}-p-menthene- 
4^:^:74riol (IV)," whilst, when it is warmed with the same 
reagent, it yields cuminalcohol (V). It will be observed that the 

♦ BvU, Soc. chim. 1900 [iii], 23. 474; Cojnpt. rend. 1900,180, 923. 

+ Ind. Eng. Chem. 1921,13, 636. 

♦ SchimmeVe Beportf 1896,2, 44; Fromm and Lisohke, Ber. 1898, 31, 2025. 

♦ Ber. 1900, 33, 1460; compare Fromm, ibid. 1193. 

Wallach, Anniden, 1908, 360, 96. 
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conversion of sabina glycerol into the primary alcohol definitely 
proves the presence of an exocyclic ethylenic linkage in sabinol. 
The further oxidation of the glycerol with potassium perman¬ 
ganate leads to the cyclic acid, a-thujadicarboxylic acid (III), 
the determination of the constitution of which is discussed on 
pp. 36, 37. 
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d-Sabinol is an oil, which, after purification through its crys¬ 
talline hydrogen phthalate (see below), has b.p. 208°, 0*9518, 

Tip** 1*4895, [a]^) + 7*56°; like the parent hydrocarbon (see p. 19) 
it shows a marked molecular exaltation of the refractive index 
(-f 1*5), The alcohol can be characterised by the preparation of 
the ^-nitrobenzoate, m.p. 75°, the 3: 5-dinitrobenzoate, m.p. 109°, 
or by oxidation to a-thujadicarboxylic acid. 

Since sabinol contains three asymmetric carbon atoms, it can 
theoretically exist in eight optically active forms, but owing to 
the presence of the cyctopropane ring it is unlikely that more 
than four forms would be stable. The alcohol from oil of savin 
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was considered by Paolini and Reborato be homogeneous; 
they obtained a crystalline hydrogen ph^Jialate, m.p. 94-95*^, 
[a]p —14*63® (in methyl alcohol). Short and Read/ however, 
have found this derivative to have m.p. 101-102°, [a]]/"* —17*5° 
in methanol, [ajjj" -f 10*0° in chloroform. No other forms of the 
alcohol have been described. 



The catalytic hydrogenation of d-sabinol has been investigated 
by Wallach* and by Henderson and Robertson,* and by Short 
and Read." With a nickel catalyst at 170-175°, it yields a 
mixture of hydrocarbons from which thujane (VI) and a hydro- 
carbon, b.p. 161-1637763 mm., 0*7950, 1-4300, were 

separated. Although the constitution of the latter was not deter¬ 
mined, it seems not improbable that it is identical with the 
cycfopentane hydrocarbon which has been obtained both by the 
reduction of a-thujene and thujone (see pp. 13, 46). Using a 
platinum catalyst at the ordinary temperature, the main product 

^ Atti R. Accad, Lincei, 1916 [v], 26. n, 377. t J,aS. 1939, p. 1040. 

» Nach, Ges. Wias, Gm, 1919, 8, 321, • J,CM, 1923,128, 1716. « Loe. ciL 
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of the hydrogenation is the saturated alcohol, dihydrosabinol 
(VII), b.p, 206-208°, 0*9160, 1*4601, which is laevo- 

rotatory; at the same time some thujane is also formed together 
with the hydrocarbon of unknown constitution referred to above. 
Dihydrosabinol is identical with thujyl alcohol, and as prepared 
above consists mainly of hneothujyl alcohol, m.p. 23° (see p. 25). 
Thujyl alcohol is also produced by the reduction of sabinol with 
sodium in alcoholic solution.’^ With a palladium catalyst, fission 
of the C2/cZopropane ring occurs to a considerable extent, and the 
products contain in addition to thujyl alcohol and hydrocarbons, 
a quantity of d-2: ^-dirmthyl~4:Ampropyl-/!ii^-CYolopentenol (VIII), 
b.p. 90-91°/10mm., Wj,®" 1*4670,a})'* + 28*2° {^-nitrobenzoate, m.p. 
46*5°, 3: 5-dinitrobenzoate, m.p. 63-64°), which on oxidation gives 
d-2 :3-dimethyl-‘4:-i&opropyl'^^’‘Cyclopentenone (IX); this ketone 
is identical with the so-called “Isothujon” obtained by the 
isomerisation of thujone with sulphuric acid (see p. 39). By 
reduction of d-sabinol with sodium in liquid ammonia Z-a-thujene 
is obtained.^ 

According to Semmler, sabinol undergoes a somewhat re¬ 
markable reaction when heated with zinc dust, being isomerised 
to thujone. Treibs and Schmidt* have found that, when sabinol 
is distilled over nickel or copper, a mixture of a- and j8-thujones 
together with a little carvotanacetone is obtained. The conver¬ 
sion of d-sabinol into thujone, accompanied by some ‘‘Iso- 
thujon”, also occurs when the alcohol is heated with aluminium 
f^opropoxide at 160° or with sodium hydroxide,* so that the 
tendency for sabinol to isomerise to thujone is evidently con¬ 
siderable. 

The oxidation of d-sabinol with ozone has been investigated 
by Hasselstrom," who has shown that formaldehyde, a-thuja- 
dicarboxylic acid (III) and the semi^aldehyde (XI) of this acid 
are produced. In addition, an oxide was separated which 
probably has formula (X), since, on treatment with an alcoholic 
solution of potassium hydroxide, it gives (XI). 

On oxidation with hydrogen peroxide in acetic acid solution, 
<i-sabinol gives the two isomeric glycol anhydrides which are 

* Semmler, j?er. 1900, 38, 1461. + Birch, J.O.S. 1945, p. 812. 

♦ Ber. 1927, 60, 2340. * Schmidt, Ber, 1929, 62, 105. 

Anndl, Acad, Bci, Fennicae, 1927, A 29, no. 5, 3. 
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obtained when d-sabinene is treated with this reagent (see 
p. 20).’^ With chromic acid it gives the same oxidation products 
as sabinene (p. 21). 

With bromine, rf-sabinol does not give any characteristic 
derivatives, whilst the halogen acids cause ring fission and 
dehydrogenation to ^-cymene.^ fission also occurs when 

the alcohol is shaken with dilute sulphuric acid (5 per cent.), 
/^^•^-menthene-4 :: 6-dioZ (XII) being formed.* By the action of 
sulphur dioxide on an alcoholic solution of ci-sabinol, Wallach® 
prepared an interesting derivative, m.p. 98-99°, which he sug¬ 
gests is probably the mlphonic acid (XIII), since, on hydrolysis 
with alkali, it yields an unsaturated alcohol, which on reduction 
and oxidation gives thujone. 
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* Henderson and Robertson, J.G.S. 1926, p. 2761. 
t Fromm, Bar. 1898, 31, 2030; 1900, 33, 1208. 

* Wallach, AnnaUn, 1908, 360, 99. « Nach. Ges. Wiw. Gott. 1919, 3, 321. 



CH. 1 


THUJANE AND ITS DERIVATIVES 


33 


The ketone, thujone, CjoHigO, is found fairly widely distributed 
in nature, occurring, inter aL, in thuja oil (from Thuja occi- 
dentalis), sage oil {Salvia officinalis L.), tansy oil {Tanacetnm 
vulgare L.) and wormwood oil {Artemisia absinthium L.). 

In 1878 Bruylants’^ prepared from tansy oil a crystaUine 
bisulphite compound from which he regenerated, by the action 
of alkali, a substance of the formula CjoHjeO, which he considered 
to be an aldehyde, whilst at about the same time Muir and 
Sugiura^ isolated from sage oil a body of this composition, to 
which they gave the name salvinoL A few years later Jahns^ 
showed that the higher boiling fraction of thuja oil could be 
separated into two fractions: (i) b.p. 195-197°, — 8*28° and 

(ii) b.p. 197-199°, [a]^, -f 7*21°. In a reinvestigation of this oil 
Wallach* found the low boiling laevorotatory fraction to consist 
of Z-fenchone, whilst the high boiling dextrorotatory fraction 
contained a new ketone, for which he suggested the name 
thujone. On oxidation with potassium permanganate, this ketone 
gave two isomeric ketonic acids, a- and p-thujaketonic acids, 
CioHigOg, Simultaneously, Semmler” was investigating tansy 
oil, and he found that the substance isolated by Bruylants was 
not an aldehyde, but a saturated ketone, CioHjeO. This ketone, 
which he designated tanacetone, was characterised by the pre¬ 
paration of an oxime, m.p. 51-5°, and by oxidation with potas¬ 
sium permanganate to a ketonic CLcid, CioHigOg, and a dicarboxylic 
acid, C 9 H 14 O 4 . Semmler made the further very important ob¬ 
servation that the ketones present in thuja, sage, tansy and 
wormwood oils were apparently all structurally identical, since, 
on oxidation, they all gave the same dicarboxylic acid, oL-thuja- 
dicarboxylic acid or oL-tanacetonedicarboxylic acid, m.p. 142°, 
having the same rotatory power. He pointed out, however, that, 
although these ketones appeared to be structurally identical, 
they had not the same properties. All specimens of the ketone 
did not yield crystalline bisulphite compounds or crystalline 
oximes, whilst they showed marked differences in their optical 
rotatory power. He suggested the possibility that the difference 

* Be/r, 1878 11 449. 

+ Year Book of Pharm. 1877, p. 498; J.CB, 1880, 37, 678. 

* Arch, Pharm, 1883, 221, 748. 

« Annalen, 1893, 272, 99. 

II Ber, 1892, 26, 3343. 
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in properties was due to the ketones being mixtures of stereo- 
isomerides. He suggested further that the dextrorotatory ketone 
from tansy oil should be called tanacetone or ^-thujone, and that 
prepared from thuja oil, which was laevorotatory, (x.4hujone. 

Owing to its tendency to isomerise, the determination of the 
constitution of thujone involved considerable difficulties and it 
was only established after a prolonged series of investigations 
in which Semmler, Tiemann and Wallach participated. 

As mentioned above, Bruylants considered thujone to be an 
aldehyde and suggested the constitution represented by (I) 
which was disproved when Wallach and Semmler found it to 
be a ketone. From the ease with which it was attacked by 
potassium permanganate, Wallach was led to conclude that it 
was an unsatmated cyclic ketone; he did not, however, detei> 
mine the constitution of either of the isomeric ketonic acids 
obtained on oxidation, although he showed that on heating they 
both gave an unsaturated acyclic ketone^ C 7 H 12 • CO. CH 3 . 
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From his experiments, however, Semmler concluded that it 
was a saturated dicyclic ketone. He found that it was oxidised 
slowly by sodium hypobromite to give an acid, C 9 H 14 O 2 , a 
reaction which appeared to show the presence of the group 
—CO.CH3. To explain this result and also to account for the 
formation of the two isomeric ketonic acids, , which he 

considered to be stereoisomerides, Semmler suggested formula 
(II). Two years later, however,* he replaced this by (III) to 
account for the fact that thujone was readily isomerised when 
heated to yield the monocyclic unsaturated ketone, carvo- 
tanacetone (IV), which could be reduced to carvormnthol (V). 
Although the relative positions of the methyl, isopropyl and 
carbonyl groups were correctly allocated—for as Wallach^ 
showed, thujone could be converted into carvacrol—this formula 
became untenable when Wallach prepared a hydroxymethylme 
derivative, thus proving the presence of the group —CHg .CO—. 
Wallach tentatively suggested (VI), a representation which had 
at one time been assigned to camphor. It was, however, difficult 
to explain how a substance having this formula could on oxida¬ 
tion give a ketonic acid containing the group — CO . CH3 . Other 
formulae, (VII) and (VIII), were suggested by Wagner* and by 
Kondakov,* the latter being based on the erroneous observation 
that a- and j 8 -thujenes give with hydrogen chloride dipentene 
dihydrochloride. 



(VI) (VII) (VIII) (IX) 

In 1900 Semmler*' advanced a formula (IX), which is now 
accepted as correct. This was based on the determination of 

* B&r, 1894, 27, 895. + Ihid, 1895, 28, 33. 

* Ibid. 1896, 29. 885. » Chem,^Ztg. 1902, 26, 720. « Ber. 1900, 33, 276. 
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the constitution of the two thujaketonic acids and on that of 
the isomeric ketone, ''Isothujon"', which can be prepared by the 
isomerisation of thujone (see below). 

Although in his earlier experiments, to which reference was 
made above, Wallach had found that the oxidation of thujone 
with potassium permanganate resulted in the formation of both 
a- and jS-thujaketonic acids, the later experiments of Tiemann 
and Semrnler* showed that, if the oxidation was carried out in 
dilute solution at a low temperature, only a-thujaketonic acid, 
m.p. 75-76^ [ajj; +192^^ (in ether), oxime, m.p. 174-^176^^■ 
semicarbazone, m.p. 182-183"^,* 197°,* was obtained in an almost 
quantitative yield. Although the constitution of this acid has 
not been established by its direct synthesis, there can be no 
doubt that it is the cyc/opropane acid (X). On oxidation with 
sodium hypobromite, it gives a stable dicarboxylic acid, d-a- 
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* Ber. 1897, 80, 431. 

t Thomaon, J.C.8. 1910, 97, 1611. 

* Wallach, Ber. 1897, 80, 426. 

* Seyler, Ber, 1902, 36, 560; Simonsen, hid. For. Bee. 1922, 9, 293. 
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thujadicarboxylic acid (XI), m.p. 141-142°, [ajjr, +171-5° (in 
chloroform solution), which yields an anhydride, m.p. 55-56°. 

Guha and Muthanna^ have succeeded in reconverting this 
anhydride into the ketonic acid (X) by treatment with methyl 
magnesium iodide, and have also succeeded in synthesising the 
dicarboxylic acid (XI) from umbellularic acid (see p. 57); since 
the latter acid had already been synthesised (p. 56), this 
amounts to a total synthesis of a-thujaketom*c acid. When the 
ketonic acid is warmed with dilute sulphuric acid, fission of 
the cycZopropane ring is accompanied by isomerisation, with 
the formation of the keto-lactone, homoterpenyl methyl ketone, 
CioHigOg (XII), m.p. 63°,^ which can be prepared also from a- 
terpineol (Vol. i, p. 259), whilst, on distillation under diminished 
pressure or on digestion with water, it is converted into an 
unsaturated acid, ^-thujaketonic acid, which crystallises in 
needles, m.p. 78-79° {oxime, m.p. 111-112°, semicarbazone, m.p. 
195-196°); as will be shown, this must have formula (XIV). 

If the formula of a-thujaketonic acid be inspected, it will be 
observed that the enolic form (XIII) has an ethylenic linkage 
attached to the ct/cZopropane ring. As is well known, this structure 
is unstable, and it is probably due to the intermediate formation 
of this substance that the a-ketonic acid owes its tendency to 
isomerise, since the dicarboxylic acid (XI) is stable. 

When jS-thujaketonic acid is heated at the ordinary pressure 
it loses carbon dioxide with formation of the unsaturated ketone, 
CgHigO, thuja ketone {2-methyhZ-methyleneheptan~^-one), b.p. 
184-186°, 0*854, 1-4410. For this ketone Wallach* sug¬ 

gested formula (XV), since it passed readily into a hydrocarbon 
which, from its reactions, was undoubtedly dihydro-ijj-cumene 
(XVI). More direct evidence of the constitution of this ketone 
was furnished by Tiemann and Semmler,* who showed that, 
on oxidation with potassium permanganate, it gave a glycol, 
(XVII), which on distillation under diminished pressure 
passed with loss of water into the dioxide (XVIII). Some further 
reactions of the ketone have been described by Werner and 
Bogert.'* 

* Ber, 1938, 71, 2668, 2771; Ind, InaL Sci. 1939, 22 A, 278. 

+ Tiemann and Semmler, Ber. 1896, 29, 643. * Annalen, 1893, 276, 174. 

* Ber. 1897, 80, 440. " Org. Chem. 1939, 3, 678. 
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When jS-thujaketonic acid (XIV) is oxidised with potassium 
permanganate it yields a diketone, which must be ca-dimethyl 
(mimylacetone (XIX), since, on oxidation with sodium hypo- 
bromite, it gives aj'dimethyl-levulinic acid (XX) and with alcoholic 
ammonia l-meihylAA.^opro'pylpyrrole (XXI), the latter reaction 
being characteristic of 1:4-diketones. Oxidation of j8-thuja- 
ketonic acid with sodium hypobromite was shown by Tiemann 
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and Semmler, and also by Wallach, to give a dibasic acid, 
^-thujadicarboxylic acid (XXII), m.p. 116-118°, the constitution 
of which was definitely established by its oxidation to ay-dimethyl- 
levuUnic acid (XX). Further evidence^ in support of the formula 
assigned to jS-thujadicarboxylic acid was supplied by the con¬ 
version of its calcium salt on distillation into the cyclic un¬ 
saturated ketone, tanacetophorone (XXIII), b.p. 212-214°, 
d^^° 0* ** 938, 1*4788 (semicarbazone, m.p. 187-188°), which on 

oxidation with potassium permanganate gives the substituted 
levulinic acid (XX). According to Ranta,^ when a 4 per cent, 
solution of j3-thujadicarboxylic acid is heated it is partly con¬ 
verted into an isomeric acid, m.p. 155-156°, which is probably 
a stereoisomer, since on oxidation it gives the same products as 
the original acid. 

Whilst the experiments outlined above elucidated the con¬ 
stitution of a- and j8-thujakotonic acids and the related dicar- 
boxy lie acids, and so established beyond question the presence 
of a cyclopropane ring in thujone, direct evidence of the associated 
eyeZopentane ring was furnished by a study of the ketone 
''Isothujon^'} It was observed by Baeyer^ that, when thujone 
was dissolved in concentrated sulj)huric acid, isomerisation 
occurred with the formation of a ketone, which gave with an 
alcoholic solution of potassium hydroxide a cherry red colour. 
The most satisfactory conditions for effecting the isomerisation 
were determined later by Wallach" and by Haller,^ who found 
the reaction to proceed most readily when thujone was dissolved 
in about three times its volume of cold sulphuric acid. The 
experiments now to be discussed were carried out with ‘‘Iso- 
thujon” prepared in this manner although, as Wallach pointed 
out, the ketone is always a mixture of “Isothujon”, thujone 

* Semmler, Ber. 1892, 25, 3350; 1897, 30, 439; Wallach, Amiakn, 1911,381, 85. 

+ Ghem. Zentr. 1938, ii, 2122. 

* In the following discussion, the term “Isothujon” has been iised rather than 
the English equivalent “wothujone”, since the latter is now applied to the cis- 
isomer of thujone. Compare Short and Read, J.C.S. 1939, p. 1040, who have 
suggested that “Isothujon” should in future bo given its systematic name, 
2:3-dimethyl-4-isopropyl-A*-cyc/opentenone. The corresponding hydrocarbon is 
sometimes termed “Isothujan”. 

« Ber, 1894, 27, 1922. 

» AnfuOen, 1896, 286, 101; 1902, 323, 334; Ber, 1895, 28, 1958. 

5 Compt rend, 1906,140, 1630. 

** AnndUn, 1916, 408, 163. 
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and carvotanacetone, and can only be purified with great 
difficulty through its semicarbazone. 

When “Isothujon’’, b.p. 231~232^ 0-927, 1-4821,^ is 

oxidised with potassium permanganate^ it yields a substance 
CioHigOg, m.p. 43°, b.p. 273°, which has been found to be a 
ketolactone and must be represented by (XXV), since, on further 
oxidation, it gives ^-impropyl-levulinic acid (XXVI), the con¬ 
stitution of which is proved by its degradation with sodium 
hypobromite to impropylsuccinic acid (XXVII). The ketolactone 
is only very slowly attacked by potassium permanganate, when 
an acid C 9 H 14 O 4 , m.p. 52-53°, is formed, which can be prepared 
more readily by its oxidation with either sodium hypobromite 
or dilute nitric acid. This acid is undoubtedly the lactonic acid 
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* Compare Auwers and Eisenlohr, J. pr» Chem, 1910 [ii], 82, 166. 
t Wallach, Ber. 1897, 30, 426; Annalen, 1902, 323, 336; Semmler, Ber. 1900, 33, 
276. 
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(XXV’III), since it is oxidised by chromic acid to p-mopropyh 
levulinic acid (XXVI). All these reactions can be readily 
explained if '‘Isothujon” is 2:3-dime^%Z-4-isopro2>^/“A2-cyclo- 
pentenone (XXIV), the primary product (XXIVa) of its oxida¬ 
tion passing into the ketolactone. 

Confirmatory evidence of the constitution of Isothujonwas 
obtained by a study of its reduction products. When reduced 
with sodium and alcohol,it yields (x.4hujamenthol (XXIX), b.p. 
211-212°, 0*9015, 1*4630, from which, by oxidation with 

chromic acid, the corresponding saturated ketone, (x.4huja- 
menthone (XXX), b.p, 209-209*5°, 0*8915, hU74:{ojcime, 

m.p. 97°, semicarbazone, m.}). 185°), can be prepared. 

A stereoisomeric ketone, ^4hu>jammthom, b.p. 215-216°, 
0*8890, 1*4511 {oxime, m.p. 130-131°, semicarbazone, 

m.p. 190-191°), is obtained when ‘‘Isothujon” is hydrogenated 
catalytically in the presence of palladium.^ It will be observed 
that the two isomerides show a very marked difference in their 
physical properties, but there can be no doubt that they are 
stereo- and not structural isomers, since they both yield the 
same oxidation products. This difference is shown also by the 
alcohol, p4hujamenthol, b.p. 216*5-217*5°, 0*8995, 1*4583, 

which can be prepared from the ketone by reduction with sodium 
and alcohol. When either a- or j3-thuj ament hones are oxidised 
with chromic acid, a ketonic acid, CjoHigOg, b.p. 150-170°/10 mm. 
{semicarbazone, m.p. 174-175°) is obtained, which must be repre¬ 
sented by (XXXI), since it gives with sodium hypobromite 
oi-methyl’p-isopropylglutaric acid, m.p. 137-138° (XXXII). An 
additional product of the oxidation of the thujamenthones is the 
ketolactone, CjoHigOa , m.p. 43° (XXV), identical with that formed 
by the oxidation of ‘‘Isothujon”. 

It has already been mentioned (p. 31) that “Isothujon’' has 
also been obtained by oxidation of 2:3-dimethyl-4:4sopropyl- 
^^-cyolopentenol (XXXIII), a reduction product of sabinol. The 
ketone obtained by this method had b.p. 89°/13mm.,n]^“ 1*4641,* 
a}*”—12*7° {semicarbazone, m.p. 155-156°, ^'A-dinitrophenyl- 

* WaUach, Annakn, 1895, 286, 104; 1902, 323, 352; 1903, 329, 127. 

+ Ibid, 1911, 381, 85; 1915, 408, 163. 

* It is curious that the refractive index is considerably lower than that observed 
for the ketone prepared from thujone. (Compare Gillam and West, J.C.S. 1941, 
p. 814.) 
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hydrazone, m.p. 137*5°). Further hydrogenation of the cyclo- 
pentenol (XXXIII) gives 2 \^-dimethyl-4:ABopropylcyQ\opentanol 
(XXIX), b.p. 94712 mm., 1-4649, a])*" -1-6° (3:5-dim>o- 
benzoate, m.p. 82-83°), which may be oxidised to 2:3-dimethyh 
4ABopropylcyclopentanone (XXX), b.p. 80°/ll mm., 1-4542, 
-f 9-9° (semicarbazone, m.p. 135-137°, 2:4~dinitrophenyl- 
hydrazone, m.p. 101-5°). These two compounds are identical with 
thujamenthol and thujamenthone respectively; the pronounced 
variation in physical constants is again presumably due to 
stereoisomerism, since the alcohol possesses four, and the ketone 
three, dissimilar asymmetric carbon atoms, 

A synthesis of “Isothujon” has been described by Guha and 
Kuppusami.* Ethyl ^-carbethoxy-^’isopropyhlevulinate (XXXIV) 
was condensed by the Reformatsky reaction with ethyl a-bromo- 
propionate and the resulting product cyclised with sodium to 


* J. Ind, Inst Set 1939, 22 , 249. 
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give, in poor yield, 2\Z-dim€ihylAAmpropyl-^-hydroxyQYdo- 
pentmone (XXXV), simultaneous loss of the carbethoxy group 
at C 4 having occurred. Dehydration of this keto-alcohol with 
phosphorus pentoxide gave “Isothujon” (XXIV), b.p. 224-228° 
{oxime, m.p. 116-117°), but it is evident that the synthesis is not 
structurally definitive in the absence of any evidence for the 
direction of dehydration in the last stage. 
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The absor|)tion spectrum of ‘'Isothujon’' was originally 
thought* to be anomalous, but it was shown later^ that the 
five-atom ring environment causes a pronounced deviation in 
the wave-length of maximum absorption. 

A critical consideration of the evidence leaves no doubt that 
the constitution of thujone has been fuUy established, and this 
has more recently been confirmed by synthesis. Ruzicka and 
Koolhaas* have effected a partial synthesis from thujaketonic 
acid by application of the method used for the conversion of 
pinonic acid into pinocamphone (see p. 128). The ethyl ester 
(XXXVI), condensed with ethyl chloroacetate in the presence of 
sodium ethoxide, gave the oxido-ester (XXXVII) which after 
saponification and heating in high vacuum gave the aldcJiydic 
acid (XXXVIII). This was oxi^sed to the dicarboxylic acid 
(XXXIX), the ester of which on cyclisation with sodium gave 
ethyl thujonecarboxyhte (XL). Decarboxylation was effected by 
boiling with aqueous barium hydroxide solution. The ketone 
(IX) so obtained was the ci^-form, d-wthujone, since it gave 
a semicarbazone, m.p. 170-172°, [ajj^ +215°, a p-nitrophenyl- 
hydrazone, m.p. 148-150°, and a 2: 4^-dinUrophenylhydrazone, m.p. 

* Gillam and West, J.C.8. 1941, p. 811. ♦ Idem, ibid. 1942, p. 486. 

» Sav. Chim. Acta, 1932,18, 944. 
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113-114°, which were identical with specimens prepared from 
natural d-i^othujone. The subsequent synthesis of a-thujaketonic 
acid (see p. 37) thus implies a complete synthesis of thujone. 
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Thujone is a colourless mobile oil with a somewhat charac¬ 
teristic odour resembling that of menthol. When regenerated from 
its semicarbazone it has b.p. 201-202°/760 mm., 0*9193, 
1*5401, and shows a somewhat high molecular exaltation 
( + 0*76),’*' The natural ketones, which are optically active, have 
been designated a- and j8-thujones, the former being laevo- 
rotatory and the latter dextrorotatory, but since these are 
stereoisomerides it is preferable to name them Vthujone and 
diABothujone respectively.^ Thujone shows a marked tendency 
to undergo inversion. Thus Paolini* has shown that when 
if-thujone semicarbazone is hydrolysed with phthalic anhydride, 

* Ostling, J.G,8, 1912,101, 469. 

+ Care must be taken, however, to avoid confusion with the so-called “Isothujon” 
of Wallaoh, which, as already shown, is not a bicyclic compound, and should be 
named systematically. 

♦ Ann, Chim. Appl. 1925,16, 414. 
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a dextrorotatory ketone is obtained, [a]p +10*23”, whilst if 
dilute sulphuric acid is used, as was the case in Wallach’s 
experiments, the ketone is laevorotatory, [a]^ —10*23”. This is 
due to inversion, which can be brought about by acids and 
alkalis* and also by distillation in steam. Short and Read^ 
have shown that the equilibrium position in the jjresence of 
sodium ethoxide may be represented: 

\-Thujom {old -19*9°) d-imThiijom {y.D +72*5°). 

35% 65% 

These authors have recorded the following properties for the 
ketones: 

l-Thujone: b.p. 74*5”/9mm., 0*9109, 1*4490, (x]f 

— 19*94” (semicarbazone, m.p. 186-188”, +42” in me¬ 

thanol; 2'A-dinitrophenylhydrazone, m.p. 117”, [a]}®" +44” in 
chlorofonn). 

d-isoT/mjone; b.p. 76”/10mm., dfr 0*9135, 1*4500, 

+ 72*46” {semicarbazone, m.p. 172”, +222” in methanol; 

2'A-dinitrophenylhydrazone, m.p. 116”, +161” in chloro¬ 

form). 

Although thujone contains three different asymmetric carbon 
atoms, it is probable that only four optically active and two 
racemic forms can exist, inasmuch as the presence of the cyclo- 
propane ring would involve too great a degree of strain in the 
other possible isomerides. In view of the fact that the two 
known ketones are not enantiomorphs, they must represent one 
optically active form of each of the two possible structures shown 
below, and since Z-thujone has the lower density and refractive 
index it is probably the transAovm : 

H,C-H-5-CH, 

H-i-CjH, (iso) H— (iso) 

Thujone i^oThujone 

The calorific value of thujone is 1432 kg.-cals., identical with 
that of carone.* The absorption spectrum has been examined 
by Mohler and Lohr.’ 

• Wallaoh and Bdoker, AnruOm, 1904, 836, 267. t J.C.8. 1938, p. 2016. 

* Roth and Ostlmg, Ber, 1913, 46, 313. > lldv. Chim. Acta, 1937, 20, 1183. 
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The enolic form of thujone, b.p. 84-86712 mm., dJF 0*9010, 

1*4540, has been prepared by Grignard and Blanchon.'^ 
Thujone can be characterised most conveniently by oxidation 
of the appropriate fraction of the oil with potassium perman¬ 
ganate with formation of a-thujaketonic acid, m.p. 75-76®. 

The instability of the cycZopropane ring structure in thujone, 
referred to above in considering the oxidation products, is shown 
generally in all its reactions. It is isomerised to carvotanacetone 
when heated to 200® under pressure,^ whilst isomerisation to 
‘‘ Isothujon ” can be brought about by many reagents in addition 
to sulphuric acid. Reference will be made later to some of these 
reactions, and attention need only be directed here to the 
formation of this ketone by the action of sodium* and by the 
action of ammonium hydrogen sulphide.* It is also of interest 
to note that, according to Treibs and Schmidt," thujone distils 
practically without change over nickel or copper at 280®, only 
very little carvotanacetone being formed. 

Somewhat divergent results on the hydrogenation of thujone 
appear in the hterature, and the ketone is evidently very sensitive 
to slight changes in experimental conditions and the character 
of the catalyst. It was found by Wallach^ that thujone could 
not be reduced catalytically at the ordinary temperature, but 
using the Sabatier-Senderens method with a nickel catalyst at 
175-180® Godchof^* obtained a mixture of “Isothujon** and 
thujamenthone. Haller and Martine,** who used somewhat 
different conditions, prepared by this method thujyl alcohol. 
With a palladinised asbestos catalyst Zelinski and Kasansky** 
succeeded in carrying the reduction further and obtained 1:2- 
dimethyl-S-isopropylcjolopentane. On reduction with sodium 
and alcohol** thujone yields thujyl alcohol. Attempts to reduce 
thujone with aluminium i^opropoxide have been unsuccessful."" 

* BuU, Soc. chim, 1931 [iv], 49, 23. 

+ Semmler, Ber. 1892, 25, 3344. 

* Schmidt, Ber, 1929, 62, 106. 

* Agostinelli, Gazzetta, 1913, 44, ir. 111. 

II Ber. 1927, 60, 2338. 

1 Annalen, 1911, 381, 86. 

Compt, rend. 1914,158, 1807; 1921,172, 688; 1927, 185, 1807. 

tt Ibid. 190.5,140, 1298; compare Short and Read, J.G.S. 1938, p. 2016. 

« Ber. 1927, 60, 1096; 1929, 62, 2205. 

iS Semmler, Ber, 1892, 25, 3344; Short and Read, J.G.S. 1938, p. 2016. 

III! Short and Read, loc. cit. 
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The oxidation of tiiujone with potassium permanganate has 
been considered already (p. 36); with ferric chloride, ring fission 
and dehydrogenation occur with formation of carvacrol.”^ 

The action of bromine on thujone was studied by Wallach,^ 
who found that, in light petroleum solution, a tribromide, 
CioHigOBig, m,p. 121-122°, was formed. The actual constitution 
of this bromide has not been determined, but it is possibly 
represented by (XLI) since, on treatment with sodium methoxide, 
it yields an aromatic bromophenol, m.p. 156-167°, for which the 
constitution (XLII) has been suggested. This phenol gives an 
acetyl derivative, m.p. 64°, and a methyl ether, m.p. 42-43°. 

According to Bruylants"^ iodine converts thujone into p- 
cymene. 

Thujone is remarkably stable to halogen acids. In ethereal 
solution no action occurs in the cold, but aqueous hydrochloric 
acid and other mineral acids isomerise it to ‘"Isothujon”, some 
^-cymene being formed simultaneously. With sodium bisulphite 
the ketone gives a characteristic sparingly soluble derivative, 
CjoHigO, NaHSOg, which was first prepared by Bruylants^ and 
later investigated by Semmler." Since, by treatment with alkali, 
the ketone can be regenerated, it is very suitable for its isolation. 
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Whereas d-i^othujone (jS-thujone) yields a crystalline oxime, 
m.p. 64-56°, b.p. 135-136°/20 mm., [aj^j +105-1° (in methyl 
alcohol),’ i-thujone (a-thujone) gives a liquid oxime, which is 
laevorotatory, [aj^ -29-25° (in ether), thus providing further 

^ Wallaoh, Anryalm, 1895, 286, 108. 

+ Annalen, 1893, 276, 179; 1896, 286, 109. » Ber. 1878, 11, 451. 

« md, 1878,11, 461. " Ibid. 1892, 26, 3343. 

9 Semmler, Ber, 1892, 26, 3344; Wallach, Annalen, 1904, 336, 267. 
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evidence that the two ketones are not optical enantiomorphs, 
but stereoisomerides of the same type as menthone and iso- 
menthone. It is not possible to regenerate thujone readily from 
its oxime, although hydrolysis can be effected with concentrated 
sulphuric acid, but the yield is i)oor, much of the oxime being 
converted into carvacrylamine. The same change occurs if the 
oxime is treated with zinc chloride.* On reduction with sodium 
and alcohol the crystalline oxime gives thujylamine (XLIII), 
b.p. 80-5714 mm., 0-8743, 1-462, -f 101°, the same 

base being obtained from the liquid oxime and also by treatment 
of the ketone with ammonium formate.^ The amine is not 
homogeneous, but a mixture of stereoisomerides, whilst that 
prepared by the latter reaction not improbably contains also 
some Isothujylamin” (XLIV). Short and Read* have obtained 
two of the stereoisomers in pure condition by fractional crystal- 
hsation of the hydrochlorides. The main product obtained by 
reduction of the hquid oxime is \4hujylamine, b.p. 81°/15 mm., 
1*4673, —24-3° {hydrochloride, m.p. 248-249°; i>mtro- 

benzoyl derivative, m.p. 146°; trirriethylaniinoriiuni iodide, m.p. 
269°), whereas the crystalline oxime gives mainly d-isothujyl- 
amine, b.p. 76°/ll mm., 1*4641, +94-8° {acetyl deriva¬ 

tive, m.p. 68-69°; benzoyl, m.p. 131°; ^-nitrobenzoyl, m.p. 147°; 
Z:6‘dinitrobenzoyl, m.p. 173°; trimethylammonium iodide, m.p. 
260°). No thujyl alcohol could be obtained on treatment of 
these amines with nitrous acid. 

Dickison and Ingersoll * have investigated the products formed 
by the ammonium formate method, and by a lengthy fractiona¬ 
tion of a range of salts have obtained four stereoisomers: 

(A) b.p. 200 °, 1-4654, +27-8° {benzoyl, m.p. 73-75°); 

(B) b.p. 193°, 1-4564, +94-9° {benzoyl, m.p. 131°); 

(C) b.p. 197°, njy 1-4590, aU^ —14-1° {benzoyl, m.p. 94°); 

(D) b.p. 202°, n^J 1-4640, aU” -22-0°. 

The amines (B) and (D) are probably identical ^th the 
d-i5othujylamine and Z-thujylamine, respectively, of Short and 
Read. 

^ Tiemann, Ber. 1897, 30, 325; AnnaUn, 1894, 279, 383; 1895, 286, 95. 

+ Wallach, Anruden, 1893, 272, 99, 109. * J.C.*Sf. 1938, p. 2016. 

» jr. Amer, C.S, 1939, 61, 2477. 
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By the exhaustive methylation of thujylamine, Tsohugaev’^ 
prepared a trimethylthujylammonium iodide (XLV), [ajj^ 4- 42*61, 
which, after conversion into the hydroxide with silver oxide, 
gave on distillation a mixture of a- and p-thujenes, identical 
with that prepared by the distillation of methyl thujyl- 
xanthate (compare p. 11). A hydrocarbon, or mixture of 
hydrocarbons, is obtained also when thujylamine hydrochloride 
is distilled. This hydrocarbon, CjoHig, b.p. 172-175°, d^^"" 0-840, 
1*4761, is probably a mixture of monocyclic hydrocarbons, 
but these have not been identified. 

Like the parent ketone, thujoneoxime in either the crystalline 
or the liquid form is isomerised by concentrated sulphuric acid 
to Isothujon^' oxime (XLVI), m.p. 119-120°, which is optically 
inactive.^ The crystalline oxime is converted by phosphorus 
pentachloride into thujoneisoxime, m.p. 90°.* The constitution 
of this isoxime has not been definitely established, but, if the 
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♦ Btr. 1901, 84, 2276; compare Short and Read (ioc. ciL), 
t Wallaoh, Annahn^ 1895, 286, 103. 

♦ im. 1893, 277, 169; 1896, 286, 94; 1904, 336, 273. 
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ct/ciopropane ring has not been isomerised, it is probably the 
dicyclic imide (XLVll) or (XLVIll). On reduction with sodium 
and alcohol it gives a base, OioHjgN, b.p. 193"^, which can be 
characterised by the preparation of the phenylurethane, m.p. 
110 ^ 

Thujone semicarbazone was first prepared by Baeyer,’^ who 
gave the melting-point as 171-172°. A more detailed investiga¬ 
tion of this derivative by Wallach^ has shown d-i6*othujone 
(^-thujone) semicarbazone to be dimorphic, crystallising in 
hexagons, m.p. 174-175°, and rhombohedra, m.p. 170-172°, the 
latter modification being described as the more stable form. 
The value observed for the rotatory power varied somewhat, 
-f-215-76° to 221-47°.* Z-Thujone (a-thujone) yields both a 
crystalline and an amorphous semicarbazone, the former melting 
at 186-188°, [a]j 5 +59-5°, whilst the latter, which was also 
dextrorotatory, melted about 110°. 

Thujone hydrazone is an oil, b.p. 128-129°/18 mm., which 
according to Kishner* on reduction with sodium and alcohol 
gives the corresponding hydrazine, from which, by the action of 
potassium hydroxide and potassium ferricyanide, thujane was 
said to be prepared. A consideration of the constants of the 
hydrocarbon, b.p. 162-165°, dfo" 0-8138, 1-4512, [a]^) +3-32°, 

obtained by Kishner makes it very doubtful if the hydrocarbon 
was actually thujane. It would appear to be much more probable 
that it consisted essentially of 1:2-dimeZ%Z-3-isopr(>pt/Zcyclo- 
pentane (compare p. 5). By the action of sodium ethoxide on 
the hydrazone, Semmler and Feldstein" prepared a hydrocarbon, 
b.p. 156-157°, d^l 0-8158, 1-4412, which undoubtedly con¬ 

sisted of thujane. 

Advantage has been taken of the presence of a reactive 
methylene group adjacent to the carbonyl group to prepare from 
thujone a number of interesting derivatives. Haller^ showed 
that the ketone could be readily alkylated with methyl iodide 
(and other alkyl iodides) in the presence of sodamide’to give 
mono-, di-, and tri-methyl derivatives. By the action of amyl 

♦ Ber. 1894, 27, 1923. + Annakn, 1904, 386, 253. 

* The higher value has been confirmed by Short and Read (see Table, p. 45). 

• J, Bu 8S, Phya, Chem. Soc. 1910, 42, 1198. Rer. 1914, 47, 387. 

5 Compt rend, 1905,140, 1626; 1913.157, 965. 
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formate in the presence of sodium, Wallach* prepared the 
hydroxymethylene derivative (XLIX), m.p. 40"", b.p. 115- 
118°/16 mm., whilst, by the condensation of the ketone with 
benzaldehyde in the presence of sodium ethoxide, Semmler^ 
obtained benzylidenethujone (L), b.p. 176-178712 mm., [a]/, 
— 590-8° (in alcohol), which on oxidation yields l-homothuja- 
dicarboxylic acid (LI), m.p. 147°. 
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According to Cornubert and Borrel,* if thujone is condensed 
with benzaldehyde in the presence of hydrogen chloride, in 
addition to benzylidenethujone, a ‘Hetrahydropyxone’' deriva¬ 
tive, C 24 H 26 O 2 , m.p. 115-115-5°, is also formed. The constitution 
of this substance would not appear to have been determined. 

By the condensation of d-thujone with ethyl bromoacetate in 
the presence of zinc, Hugh and Kon* prepared the hydroxy ester 
(LII), from which the unsaturated acid (LIII) was obtained by 
hydrolysis and loss of water. Attempts to convert this into the 
isomeric acid (LIV) were not successful, ring fission occurring 
with formation of the cycXohexadiene acid (LV). The unsaturated 
acid can be converted through its acid chloride into the ketone 
(LVI) which can exist also in the tautomeric form (LVII), since 
it can be methylated. 

The action of the Grignard reagent on thujone was investigated 
by Thomson,“ who prepared a number of derivatives of thujyl 
alcohol. 

* Btr, 1895, 28, 33. 

^ Ibid, 1903, 36, 4367; compare Haller, Compt. rend, 1906,140, 1626. 

* BvU, Soc, chim. 1929 [iv], 45, 1148. 

* J.C.8, 1927, p. 2594. 

« Ibid. 1910, 97 1602. 
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The presence of an oxygenated body boiling at about 210° in the 
essential oil derived from the leaves of UmbeUularia Californica 
Nuttal was first observed by Heaney,* who gave to it the name 
oredanthol, whilst some years later Stillman^ separated from 


* Amer. J. Pharm. 1876, 47, 106; Pharm. J. 1875 [iiij, 6, 791. 
t Ber. 1880,13, 629; Amer. Chem. J. 1880, 2, 38. 
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this oil a fraction, b.p. 215-216°, which he designated umbellulol 
and which he considered to have the empirical formula, CgHigO. 
The subsequent investigations of Power and Lees’*' showed this 
fraction to be a mixture, the main constituent being a ketone, 
umbellulone, C 10 H 14 O. We owe the determination of the constitu¬ 
tion of this substance to the investigations of these authors, and 
to Tutin and Semmler. 

Power and Lees recognised that umbellulone was probably an 
unsaturated dicyclic ketone, in which the ethylenic hnkage was 
in the a:j 8 -position to the carbonyl group, since, on treatment 
with semicarbazide acetate, it gave a semicarbazido-semicar- 
bazone, and with hydroxylamine a hydroxylamino oxime, the 
formation of derivatives of this type being characteristic of 
a:j 8 -unsaturated ketones.^ Further light on the constitution of 
the ketone was furnished by a study of the products formed on 
its oxidation with potassium permanganate, which were examined 
by Lees* and by Tutin.® The main x)roduct of the oxidation is 
a ketonic acid, umbellulonic acid, C 9 H 14 O 3 , m.p. 102°, b.p. 193- 
195°/50mm., [ol]d + 377-6° (in chloroform), which can be charac¬ 
terised by the preparation of the oximey m.p. 169-170°. When 
umbellulonic acid is distilled, either at the ordinary i)ressure or 
under diminished pressure, loss of water occurs and an un¬ 
saturated lactone, C 9 H 12 O 2 , b.j^. 218-221°, 1-1019, [a]^ 

— 210-5°, is formed, from which umbellulonic acid can be 
regenerated by treatment with alkah. Oxidation of the un¬ 
saturated lactone with j)otassium permanganate gives a saturated 
dibasic acid, umbellularic acid, C 8 H 12 O 4 , m.p. 120 - 121 °, [a]^) 

— 89-7° (in chloroform). This acid, which readily yields an 
anhydride, b.p. 167-169°/50 mm., is extremely stable and is not 
attacked by concentrated hydrochloric acid at 190°. 

A consideration of these results led Tutin to suggest that 
umbellulone was an unsaturated dicyclic ketone containing 
either a dimethylcycZobutane ring as in (I) or a methylcycZo- 
pentane ring (II). It was improbable that (I) could be correct, 
as in this case umbellularic acid should be identical with norpinic 
acid (V), oxidation proceeding in accordance with the scheme 


^ J,OM, 1904, 85, 629. 

t Harries, Ber. 1897, 30, 280; Rupe and Sohloohoff, ibii. 1903, 38, 4377. 

* J.C.S. 1904, 86, 645. • Ibid. 1906, 89, 1104. 
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given below, the ketonic acid and lactone having formulae (III) 
and (IV) respectively. 

Umbellularic acid, however, differed completely in its pro¬ 
perties from norpinic acid, and Tutin therefore concluded that 
umbeUulone contained a ci/ctopentane ring and assigned formulae 
(VI), (VII), and (VIII) to the ketonic acid, lactone and dibasic 
acid. The great stability of umbellularic acid led Tutin to regard 
the presence of a cj/cfopropane ring as unlikely. 



The investigation of the constitution of umbeUulone was con¬ 
tinued by Semmler.* It had been observed by Tutin ^ that when 
the ketone was reduced with sodium and alcohol a saturated 
secondary alcohol, ^-dihydroumbellulol, was formed. 

Although Tutin did not succeed in purifying this alcohol, he 
showed that on oxidation with chromic acid it gave a ketone. 


♦ Ber. 1907. 40, 6019; 1908, 41, 3988. 


+ Loe, cit, p. 1118, 
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P-dihydroumbellulonei CjoHigO. This ketone was found by 
Semmler to have a methylene group adjacent to the carbonyl 
group, since it gave a hydroxymethylene derivative, whilst by the 
action of benzaldehyde a benzylidene derivative was prepared. 
When this latter derivative was oxidised with potassium per¬ 
manganate, it gave a mixture of benzoic acid and d-homothuja-’ 
dicarboxylic acid, m.p. 147'' (XII), the optical enantiomorph of 
the acid prepared from benzylidenethujone (see p. 51). The 
formation of this acid can only be explained if umbellulone has 
formula (IX), when j8-dihydroumbellulone would be (X) and 
benzylidene-^-dihydroumbellulone (XI). 

It then follows that umbellulonic acid must be the cyclo- 
propane acid (XIII), the lactone (XIV) and umbellularic acid 
(XV). The facility with which umbellulonic acid can be converted 
into a lactone is now readily explained, since it may be regarded 
as a substituted 8-keto-acid. Attention may be directed here 
to the observation of Tutin”^ that on reduction with sodium and 
alcohol umbellulonic acid yields a substituted hydroxy-acid, 
which readily gives a lactone, b.p. 246-248". This lactone must 
have formula (XVI), since on oxidation with potassium per¬ 
manganate it gives iwpropylsuccinic acid and acetic acid. The 
tendency for cyclopropane derivatives to undergo ring fission on 
treatment with reducing agents has been frequently observed.^ 

The constitutions assigned to some of these acids have now been 
confirmed synthetically. Umbellularic acid has been synthesised 
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♦ Proc, C.S. 1907, 23, 28j J.G,S, 1908, 93, 252. 

+ Compare Menon and Simonsen, J.C,S. 1929, p. 303, where other references to 
the literature are given. 
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by Phillips, Ramage and Simonsen’^ and also by Rydon.^ 
The former authors condensed ethyl oL-mopropylacrylate (XVII) 
with ethyl diazoacetate to give the ester (XVIII) from which on 
saponification was obtained dl-tTSbiis-l-isopropylGyclopropane- 
l :2-dicarboxylic acid, m.p. 194-195° (p-phenylphermcyl ester, 
m.p. 175-170°), and dl-ciB-l-isopropylcyclopropane-l: 2-dicar- 
boxylic acid, m.p. 120-127° {hydrate, m.p. 97-98°, p-phenyl- 
phenacyl ester, m.p. 110-117°). The same acids were obtained by 
Rydon by saponification of the products of the reaction of 
diazomethane with diethyl i^opropylfumarate. Resolution gave 
the d- and l-trans acids, m.p. 155°, [a] 54 (ji +232° and —230° in 
acetone, and the d- and l-cis acids, m.p. 119-120°, [a])^** +80*9° 
and — 88*8° in chloroform {hydrates, m.p. 78-79°). The l-cis 
acid was identical with the original specimen of umbellularic 
acid prepared by Tutin. Similar results were, obtained by 


* 1936, p. 828. 


t Ibid. p. 829. 
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Ranganathan.* The dZ-acids have also been synthesised by Guha 
and Muthanna^ who have, furthermore, extended the method 
to the synthesis of di-ci^-umbellulonic acid from ethyl isopropyl- 
acrylate (XVII) and diazoacetone, via the ester (XIX). The 
cis-configuration of this product was confirmed by oxidation to 
dZ-cis-umbellularic acid, m.p. 124-125°. These authors* have also 
prepared umbellulonic acid by treatment of the anhydride of 
cis-umbellularic acid with methyl magnesium iodide, and further¬ 
more* have converted umbellularic acid into a-thujadicarboxylic 
acid. 

Umbellulone is a colourless oil with a somewhat mint-like 
odour, which is at the same time peculiarly pungent. The ketone, 
regenerated from the semicarbazido-semicarbazone, has b.p. 
92-5-93710 mm., o-950, nf 1-4832, [a]^ - 36-30° ; it will be 
observed that it shows a very marked molecular exaltation 
(+ 1-4), due to the conjugation of the cycfopropane ring and the 
double bond. Gillam and West" have found that the absorption 
spectrum of umbellulone is quite different from that expected 
of a simple ajS-unsaturated ketone, and have concluded that this 
is due to the cross-conjugation of the cyclopropane ring with the 
carbonyl group and the ethylenic linkage. 

The ketone can be characterised by the preparation of the 
semicarbazido-semicarbazoney decomposing at 217°, or by oxida¬ 
tion to umbellularic acid. It can be readily isolated by taking 
advantage of the facility with which it combines with sodium 
sulphite in neutral solution, yielding a compound from which it 
can be regenerated by alkali.^ 

As has been mentioned, Tutin found that, on reduction with 
sodium and alcohol, umbellulone gave an alcohol, ^-dihydro- 
umbellulol, but this was first obtained pure by Semmler,"'^ who 
observedtheconstants,b.p. 88-92°/10mm.,0-927,1-4696, 
[a] 2 > - 27-46°. p-Dihydroumbellulone, prepared from the alcohol by 
oxidation with chromic acid, has b.p. 84-86°/10 mm., d^^^ 0-925, 
1-4616, [a]j 5 -30°, semicarbazone, m.p. 150° (Semmler), 
155-156° (Tutin). Hydroxymethylene-p-dihydroumbellulone is 

jr. Ind, C\ 8, 1936,13, 419. * 1938, 71 B, 2668. 

♦ J. Ind. Inst. Sci. 1939, 22, 275. 8 Proc. Ind. 8ei. Congr. 1946, p. 67. 

II J.C.8. 1945, p. 95; compare Naves, Helv. Chim. AcM, 1945, 28, 701. 

5 Wienhaus and Todenhofer, SchimtneVs Meportf 1929, p. 283. 

Ber. 1908, 41, 3988. 
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an oil, b.p. 105-107710 mm., 1-001, nl?" 1-4909, wliilst 
benzylidene-p-dihydroumbellulone is a solid, m.p. 81-82°, 
b.p. 185-18879 mm., 1-030, 1-574. Wienhaus and 

Todenhofer’^ found that jS-dihydroumbellulone can be con¬ 
veniently prepared by the catalytic hydrogenation of umbel- 
lulone using a nickel catalyst. The ketone so obtained, b.p. 
6774 mm., 0-9275, rijf 1-4605, —55-4°, was evidently 

somewhat purer than that described by Semmler and Tutin. 
The semicarbazone was found to melt at 158-159° and the oxime 
at 72°. On reduction with sodium and alcohol the ketone 
prepared in this manner gave a crystalhne ^-dihydroumbellulol, 
m.p. 55-56°, [a] 2 > —68-15° (in alcohol). It is possible that this 
is a stereoisomeride of the alcohol prepared by the direct 
reduction of umbellulone. 

The products obtained by the oxidation of umbellulone with 
potassium permanganate have already been discussed and the 
action of other oxidising agents does not appear to have been 
investigated. 

When umbellulone is treated in chloroform solution with 
bromine it yields a liquid dibromide ,which is somewhat unstable 
and gives off hydrogen bromide slowly at the ordinary tem¬ 
perature. If the dibromide is distilled under diminished pressure, 
it undergoes profound decomposition; the nature of the products 
which are formed in this decomposition have been investigated 
by Lees and Tutin and, although the latter has suggested con¬ 
stitutional formulae for them, these are undoubtedly incorrect 
and a renewed study is desirable. The distillate can be separated 
into three fractions: (i) a hydrocarbon, C 10 H 14 , which was identified 
as ^-oymene, (ii) a bromoketone, CjoHigOBr, and (iii) a dibromo- 
dihydroumbellulone, CioHi 40 Br 2 . The bromoketone, b.p. 140- 
150°/20mm., is apparently unsaturated, since it reacts readily 
with bromine in chloroform solution, although it does not react 
with hydrogen bromide. If the assumption be made that the 
removal of hydrogen bromide from the dibromide (XX) pro¬ 
ceeds without any molecular rearrangement, the bromoketone 
can be most simply represented by (XXI). There can be no 
doubt, however, that this formula is incorrect since, when the 

* Jubilaumiberieht tier Sehimmd and Co., 1929, p. 28S. 

t Lees, J.C.8. 1904, 86, 641; Tutin, ibid. 1906, 89, 1117. 
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bromoketone is reduced with zinc dust, it gives a ketone, 
oL-dikydroumbellulone, b.p. 214-*217®, $emicarbazone, m.p. 171°, 
which is not identical with jS-dihydroumbellulone (XXII), the 
formation of which would be anticipated if the suggested formula 
was correct. In the absence of any detailed description of the 
reactions of the bromoketone and of a-dihydroumbellulone, it is 
not possible to assign formulae, but it seems not improbable 
that each possesses a monocyclic structure. 
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Dibromodihydroumbellulone is a crystalline substance, m.p. 
119-119*5°, and it is dextrorotatory in chloroform solution, 
Md + It cannot be further brominated nor does it react 
with hydroxylamine; on reduction with zinc dust in acetic acid 
solution one bromine atom is replaced by hydrogen with 
formation of bromodihydroumbellulone^ CioHigOBr, m.p. 58-59°, 
W\d “ 70*1° (in chloroform). In its general properties the mono¬ 
bromide resembles the dibromide and it does not react with 
either bromine or hydroxylamine. By further reduction with 
sodium in alcoholic solution an alcohol, tetrahydroumbellulol, 
C 10 H 20 O, b.p. 207-208°/760 mm., is obtained, which gives on 
oxidation the ketone, tetrahydroumbelluloney CioHigO, b.p. 197- 
198°. It is doubtful if this ketone is homogeneous, since it yields 
a semicarbazone separable into two fractions, m.p. 171° and 150°, 
although it has not been determined whether these are structural 
or stereoisomerides. Weinhaus andTodenhofer^ found that when 
j3-dihydroumbellulone is reduced with sodium in toluene solution 
an alcohol, CioHgoO, b.p. 80°/5mm., 0-902, /if?* 1-4052, 


* JvhildutMbericht der Schimmel and Co., 1929, p, 285. 



60 


THUJANE AND ITS DERIVATIVES 


oLj) — 38'17°, is obtained, which gives on oxidation a ketone, b.p. 
7377 mm., 0-902, 1-4518, —62-24°, semicarbazone, 

m.p. 177-178°. This ketone, like tetrahydroumbellulone, must 
be monocyclic and it is not improbable that they are identical. 
From analogy it seems possible that tetrahydroumbellulone and 
tetrahydroumbellulol are cycZopentane derivatives similar to 
thujamenthone and thujamenthol (p. 41), in which case the 
ketone may be represented by formula (XXIII), tetrahydro- 
umbeUulol being the corresponding secondary alcohol. The 
nomenclature adopted for these substances would appear to 
require revision. 

With semicarbazide, umbellulone yields a semicarbazido- 
semicarbazone, m.p. 217°,"^ from which the ketone can be 
regenerated by hydrolysis with mineral acids. The normal semi- 
carbazone was prepared by Semmler^ and melts at 240-243°. 
The thiosemicarbazido-semicarbazone has m.p. 210-211°.* The 
hydroxylamino-oxime was described by Power and Lees as a resin, 
which according to Tutin* gives on reduction with sodium and 
alcohol a diamine, b.p. 136-138°/50 mm. This diamine, which 
was characterised by the preparation of a dibenzyl derivative, 
m.p. 194°, and a dibenzoate, m.p. 212-213°, has either the com¬ 
position CiQHg^^Ng or C 10 H 22 N 2 . It is probable that the reduction 
of the hy^oxylamino-oxime (XXIV) is accompanied by ring 
fission, so that the diamine has either formula (XXV) or (XXVI). 
As the base prepared by Tutin was a mixture, it is possible that 
the reduction proceeds simultaneously in both directions. 
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• Power and Lees, J.C.S. 1904, 86, 636. 

* Gillam and West, J.C.8. 1946, p. 96. 


t Ber. 1908, 41, 3988. 
» Proc. C.8. 1907, 23, 29. 



CHAPTER II 


CARANE AND ITS DERIVATIVES 

A. HYDROCARBONS 


CARANE^ 


OH3 

CH 

/\ 

H,C CH3 

I I 

HgC CH 



The saturated dicyclic hydi*ocarbou, carane, CioHig, has not 
been found to occur in nature. The laevorotatory hydrocarbon 
(I) was obtained by Kishner and Zavadovsky^ by the distillation 
of pulegonehydrazone (II) with potassium hydroxide, whilst the 
dextrorotatory isomeride was prepared in a similar manner from 
hcaronehydrazone (III).^ 

Later, Semmler and Feldstein* also obtained the hydiocarbon 
from this derivative by the action of sodium ethoxide at 140- 
160"^. Krestinski and Solodki" prepared it by the hydrogenation 


Several different methods have been used for numbering the carane system, 
which has unfortunately led to some confusion, particularly with regard to the 
nomenclature of the carenes. A^-Carene, for example, has also been termed A*- and 
even A®-carene. The system adopted in the present work is based on the following 
skeleton formula: 


C 



^ J, Ru 88, Phys, Chem, Soc. 1911, 43, 1132. * Kishner, ibid. p. 1554. 

* Ber. 1914, 47,387. • J, pr. Chem. 1930 [ii], 126, 14. 
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of cJ-A^-carene in the presence of platinum black, but from its 
physical constants the product would appear to have been some¬ 
what impure. 
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dl-C&T&ne has been synthesised by Guha and Sankaran* from 
4:-methylcyclohexanone (IV) which was converted via the cyano¬ 
hydrin (V) into ethyl 4:-methylcyclohexenecarboxylate (VI). 
Reaction with dimethyldiazomethane introduced the cyclo- 
propane ring, and the resulting ester (VII) was saponified 
and decarboxylated to give carane (I), b.p. 162°/684mm., 
d|g: 0-836, nj) 1-455. 
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Carane is a colourless mobile oil which, according to Kishner, 
has the following constants; b.p. 169-6°/759 mm., 

1-4567, [a]^ 67-64°, -47-06°. It is improbable that either 

specimen was optically pure. Semmler and Feldstein found 
somewhat diflFerent values, b.p. 49-60°/9mm., 166-166°/760mm., 
d|o° 0-8381, Hj) 1-4582, [a]^ —34°; the latter boiling-point would 
appear to be somewhat low. 


* Her. 1938, 71, 2873. 
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Owing to the difficulties involved in its preparation, the’ 
reactions of carane have been little studied. According to 
Kishner and Zavadovsky, when hydrogenated by the Sabatier- 
Senderens process it yields solely m-menthane and no 
menthane. This result is, however, at direct variance with the 
observations of Zelinski and Lewina,’^ who claimed that when 
the hydrocarbon is distilled in a current of hydrogen over 
palladinised charcoal at 160° only p-menthane is formed. Whilst 
the difference in experimental conditions employed may account 
for these divergent results, it seems not improbable that in both 
cases the reduction product consisted of a mixture of m- and 
p-isomerides. Carane is readily dehydrogenated by distillation 
in a current of carbon dioxide over heated platinised charcoal. 


CH3 CH3 CH, 

in Ik i'H 



By the action of hydi’ogen bromide on d-carane, Kishner 
and Zavadovsky obtained by ring fission a monohydrobromide, 
which they considered to be S-bromo-m-menthane (VIII), b.p. 
123-124°/29 mm., since by the action of quinoline a hydrocarbon 
or mixture of hydrocarbons was obtained, one of which must 
have been (IX), as on oxidation with potassium 

permanganate it gave acetone and methyhyclohexan-Z-one (X). 
The isomeric hydrocarbon (XI) was probably also present in 
the Original reaction mixture. It would appear somewhat 

♦ Anncden, 1929, 476, 60; Chem, Zentr, 1935, n, 3650. 
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remarkable, iiyview of the action of hydrogen chloride on A®- 
and A^-carenofe (see pp. 66, 76) that carane should only yield 
m-menthani@r derivatives when treated with hydrogen bromide. 

Derivatives of m-menthane were also prepared by Kishner 
and ^avadovsky by the action of bromine on d-carane, when a 
dibromide + 22*58'^) was obtained, which they regarded as 
having the constitution (XII), since, when it was heated with 
quinoline, it gave m-menthadiene, b.p. 180-183°, d|o° 0-8471, 
1-4890. For this m-menthadiene, which resinifies when dis¬ 
tilled over sodium, Kishner suggested either formula (XIII) or 
(XIV). Rigid proof has not been obtained of either of these 
structures and there does not appear to be any evidence that 
the dibromide was homogeneous and free from isomeric p- 
men thane derivatives. 



(XIV) (XII) (XIII) 


A^^CABENE 

0 H 3 
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The presence of sylvestrene in the essential oil derived from the 
oleo-resin of Pinus longifolia was reported by a number of 
investigatorsbut Robinson^ suggested that the main hydro¬ 
carbon constituent of this oil was not sylvestrene, but an isomeric 

* Babak, Pharm* Rev. 1905, 23, 229; SchimmeVa Report^ 1906, April, p. 66; 1911, 
Oct. p. 93; BvU, Imp. Inst. 1911, 9, 8. 

+ Proc. 0.8. 1911, 27, 247. 
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terpene which gave sylvestrene dihydrochloride when treated 
with hydrogen chloride. The investigations of Simonsen and his 
collaborators* have shown Robinson’s suggestion to be correct; 
the oil from P. longifolia does not contain rf-sylvestrene, but a 
dicyclic hydrocarbon, d-A^‘Carene, which, when treated with 
hydrogen chloride, gives a mixture of d-sylvestrene dihydro¬ 
chloride and dipentene dihydrochloride. d-A^-Carene has since 
been shown to occur fairly frequently in nature and has been 
found in Swedish oil of turpentine,^ in various German pine- 
needle oils,* in Finnish oil of turpentine* and in the oil from 
P. Merkusii,^^ whilst Z-A®-carene was separated by Panicker, Rao 
and Simonsen 5 from the oil present in the rhizomes of Kaemp- 
feria galanga and by Krestinski, Liverovski and Malmberg** from 
a P. sylvestris oil. 

^T fae constitution of A^ -careiie has been deduced from a study 
of the products formed on oxidation with potassium perman¬ 
ganate and ozone and by its reaction with hydrogen chloride. 
When the hydrocarbon is oxidised with potassium permanganate 
in acetone solution, in addition to neutral products, to which 
reference will be made later, a com})lex mixture of acids is 
obtained which can be separated by fractionation of the ethyl 
esters into (i) dimethylmalonic acid, (ii) Si^-dimethylsuccinic acid, 
(iii) cis- and trans-mromc acids, (iv) a dibasic acid, CgHi 204 , 
m.p. 136-137®, and (v) two laevorotatory hydroxy-dibasic acids, 
CioHigOg, m.p. 133° and 192° respectively. 

Whilst the separation of dimethylmalonic acid and as- 
dimethylsuccinic acid showed the presence of the grouping 

in the hydrocarbon, the isolation of the caronic 

acids (IV), which had been synthesised by Perkin and Thorpe,^* 
proved that the terpene must contain a cyclopropane ring in 
addition to the cyciohexane ring, the presence of which was 

♦ J.C.8. 1920,117, 670; 1923,123, 649; 1928, p. 369; 1929, p. 306. 

+ Rao and Simonsen, J.G.S. 1926, 127, 2494; compare Wienhaus and Schmidt, 
SchimmeVa Report, 1928, p. 101. 

^ Semmler and v. Schiller, Ber. 1927, 60, 1591. 

^ Aschan, Annalen, 1928, 461, 1. n Simonsen, Ind, For. Rec. 1923, 10, 66. 

5 J. Ind, InH, 8ci. 1926, 9 A, 137. J. pr. Ghem. 1931 [ii], 129, 97. 

++ J.C.S. 1899,76,48. The resolution of dl-traTta-caronic acid has b^n carried out 
by Owen and Simonsen, J.G.8. 1933, p. 1224 ' 

s Tii 



5 
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shown by the formation of aylvestrene and dipentene dihydro¬ 
chlorides (V) and (VI) by the action of hydrogen chloride. These 
results can be explained most simply by assigning to the hydro¬ 
carbon either of the three formulae (I), (II) or (III), since 
degradation of each of these would give caronic acid, whilst 
addition of hydrogen chloride to the ethylenic linkage, followed 
by fission of the cyciopropane ring, which can occur in two 
directions, would furnish the two hydrochlorides. 



(IV) (V) (VI) 


Whilst it is clearly difficult to distinguish between the two 
hydrocarbons (I) and (II), the formation of the two hydroxy- 
acids mentioned above appears to indicate conclusively that 
(II) and (III)*^ cannot be correct. These two acids, (x.-1-OL-hydroxy- 
d-carboxy-oL-l : l-trimethylGyclopropane-2~propionic acid, m.p. 
132-133°, [a]/) —8*7° (in chloroform) and p-l-oL-hydroxy-S- 
carboxy-oL-l : l-trimethylcyclopropane-2-propionic acid, m.p. 192°, 
[a]jr) -24*36° (in chloroform), were found to be stereoisomeric 
a-hydroxy acids, since, although they were both quite stable to 

♦ According to Jofifre {BvU, Inst Fin, 1931, p. 79; 1932, p. *142) a hydrocarbon 
having this constitution occurs mixed with d'A*-carene in the oil from F* hngifdlia. 
The quantity present is, however, very small. 
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potassium permanganate in alkaline solution, they were oxidised 
by this reagent in acid solution to isomeric ketonic acids. Both 
these acids were oils, but they could be characterised readily by 
the preparation of the crystalHne semicarbazones; that derived 
from the a-acid, ci&-l :l-dimethyl‘-2-p-ketopropylcjclopropane-3- 
carboxylic acid, yielding a semicarbazone, m.p. 179-180°, wliich 
was optically inactive, whilst from the j8-acid, Z-trans-l:l- 
dimethyl-‘2-p-ketopropylcjc\opropane-Z-carboxylic acid, semicar’ 
bazone, m.p. 209°, [ajjr, —70*98° (in acetic acid), was obtained. 
The two hydroxy acids must therefore be represented by (VII), 
being formed from the hydrocarbon in accordance with the 
following scheme, which is analogous to the oxidation of 
a-terpinene to a8-dihydroxy»a-methyl-S-i5opropyladipic acid^ 
(see Vol. I, p. 178). 



The hydroxy-acids are probably cis’trans’isomerides, the 
lower melting form being the ci^-modification, since when heated 
with acetyl chloride it yields a lactone (VIII), m.p. 174-175°, 
partial conversion into the fran^-modification occurring simul¬ 
taneously. It follows, then, that the two ketonic acids are the 
cis’ and tmw^-forms of the acid (IX). Oxidation of the ci«-acid 
with sodium hypobromite gave a dibasic acid, which is probably 

♦ WaUach. AnndUn, 1907, S60, 206; 1908, 862, 263. 
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ci^-homocaronic acid (^), m.p. 136-137°, identical with the 
dibasic acid, to which reference was made above (p. 65) as having 
been separated from the primary products of the permanganate 
oxidation. Although ci^-homocaronic acid is not acted upon by 
bromine in chloroform solution, it is somewhat readily attacked 
by potassium permanganate in alkahne solution.’^ Homocaronic 
acid has been synthesised by Owen and Simonsen^ from ethyl 
A^-i^ohexenoate and ethyl diazoacetate, and separated into the 
cis- and trans^ forms, the former being identical with that 
obtained from d-A^-carene. The acid has also been synthesised 
by Guha and Sankaran* from ethyl glutarate and dimethyl- 
diazomethane. Further evidence in support of the view that 
formula (1) correctly represents the constitution of the hydro¬ 
carbon obtained from P. longifolia was furnished by its oxidation 
with ozone.* With this reagent the oxidation proceeds normally, 
and on decomjjosition of the ozonide a ketonic aldehyde, CjoHieOg 
(XI), b.p. 125 -I 30712 mm., disemicarbazone, m.p. 198-199° 
(decomj).), was obtained. Oxidation of the aldehyde with either 
potassium permanganate or silver oxide gave the ketonic acid, 
CjoHieOg (XII), b.p. I 75 -I 82712 mm., semicarbazone, m.p. 182- 
183°, which on oxidation with sodium hypobromite gave the 
dibasic acid, C 9 H 14 O 4 (XIII), m.p. 112-113°, whilst with potassium 
permanganate d6*-caronic acid was obtained. 
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Although direct synthetic evidence of the constitution of 
A®-carene and of its degradation products, with the exception 
of the caronic and homocaronic acids, is not available, there 
would appear to be no doubt that it is correctly represented by 
formula (I). 

♦ Compare Hariharan, Menon and Simonsen, J,C,S, 1928, p. 431. 

+ J,C.S. 1933, p. 1226. ♦ Ber, 1937, 70, 1688. 

« Semmler and Schiller, Ber. 1927, 60, 1591. 
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A^-Carene is a colourless mobile oil with a curious sweet and 
penetrating odour. Simonsen observed the following constants: 
b.p. 168-1697705mm., 123-1247200mm., 0-8586, 1-468, 

[a]j> +7-69°, whilst Dupont,^ who obtained the hydrocarbon 
from the same source, gives the values, b.p. 170°/760mm., 
dlfo 0-8668, 1-4675. The molecular refraction is normal and 

so in good agreement with the formula. In acetic anhydride 
solution the hydrocarbon gives with sulphuric acid a transient 
]nirple-green coloration. 

A^-Carene can be very readily characterised, since it forms a 
sparingly soluble nitrosate, m.p. 147-5° (decomp.). 

The dehydrogenation of A^-carene, both in liquid and vapour 
phase, to p-cyrnene, has been recorded by Guha, Roy and Paul,^ 
whilst when refluxed over activated clay the hydrocarbon is 
converted into dipentene, together with a small amount of 
carvestrene.* 

The reduction of ti-A^-carene to the saturated dicyclic hydro¬ 
carbon, carane, has been found by Krestinski and Solodki^ to 
proceed smoothly in the presence of platinum black (compare 

p. 61). 

A^-Carene oxidises with remarkable ease and resinifies some¬ 
what rapidly on exposure to the air. The rate of oxidation of the 
hydrocarbon, both in air and in oxygen, has been studied by 
Rau," who found that in oxygen 18 per cent, of the gas is absorbed 
in 24 hours. The oxidation can be inhibited by the addition of 
a trace of pyrogallol, no action taking place for about 30 days, 
the reaction then commencing and proceeding to completion at 
the normal rate. The products of the autoxidation of A^-carene 
have been investigated by Owen and Simonsen.^ 

The oxidation of d-A®-carene with hydrogen peroxide was 
investigated by Pillay and Simonsen,"^* who showed the main 
product of the reaction to be a glycol, A-carene-^-glycol, m.p. 
90-91°, which was optically inactive. An isomeric glycol, 
d-carene-oL-glycol, m.p. 69-70°, [a]^ -h 16-05° (in chloroform), had 
been prepared previously by Simonsen by the oxidation of 

* ^nn, chim, 1924 [x], 1, 184. + J. Ind. Inst, Sci. 1944, 7, 1. 

* Budakoff and Artamonoff, J. Oen, Ohem. Buss. 1946,16, 75. 

* J. pr. Ohem. 1930 [u], 128, 14. n Ind. For. Bee. 1924, 9, 203. 

1 J.C.S. 1931, p. 3001. 

•* Ibid. 1928, p. 359. 
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d!-A®-carene with potassium permanganate in alkaline solution. 
These two glycols are in all probability stereoisomerides having 
formula (XIV). They do not react with phthalic anhydride in 
benzene solution, but the jS-glycol reacts with this reagent at 
110° to give a hydrogen phthalaiey m.p. 191-192°. When treated 
with dilute sulphuric acid at 100° this glycol yields a mixture of 
j9-cymeneandanoil;b.p. 160-153°/99mm.,d|go 0*961,^2)'’ 1*4740, 
[a]j) — 39*16°, which is not homogeneous but consists essentially 
of A-carene oxide (XV). This oxide reacts with phthalic anhydride 
at 110° to give A-carene-^-glycol hydrogen phthalate^ m.p. 191- 
192°, whilst, when allowed to remain with semicarbazide acetate 
for some months, it gives a semicarbazone, CnHigONj, m.p. 
193-193*5°, which is probably derived from the ketone (XVI). 
d-Carene oxide is remarkably stable and cannot be reconverted 
into the glycol by the action of sulphuric acid. 



An isomeric oxide having somewhat different properties, b.p. 
126-127°/103mm., 0*9464, [a]|?“ +13*05°, has been pre¬ 

pared by Arbusov and Michailov’^ by the oxidation of d-A^- 
carene with perbenzoic acid. This oxide is much less stable than 
that described by Pillay and Simonsen, since it yields the 
j8-glycol when treated with dilute sulphuric acid and rearranges 
to an unsaturated aldehyde (semicarbazone, m.p. 210°) instead 
of the ketone (XVI). The relationship of these two oxides has 
not been determined. This oxide can be obtained also by the 
oxidation of the hydrocarbon with peracetic acid in ethereal 
solution. 

Oxidation of d-A®-carene with Beckmann’s chromic acid mix¬ 
ture has been found to give a mixture of A-homoterpenyl methyl 
ketone (XVII), Z-trans-caronic acid (XVIII), terpenylicacid (XIX) 

* J. pr, Ghem, 1930 [ii], 127, 1; J. Gen, Chem, Rues. 1939, 9, 265. 
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and terebic acid (XX), the reaction proceeding in accordance 
with the scheme shown below.* 
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The formation of Z-fmw^-caronic acid in this oxidation is of 
peculiar interest, since the ketonic acid, from which it must 
originate, would probably have the ^-configuration. Under the 
experimental conditions this configuration must be presumed 
to be unstable, passing into the tram-iorm, which is then further 
oxidised to the ^m 7 i 5 -dibasic acid. 

Mention has been made already of the principal products 
which are formed when d-A^-carene is oxidised with potassium 
permanganate in acetone solution; attention must, however, be 
directed to an unsaturated dicyclic ketone, C 10 H 14 O, b.p. 110 - 
123710 mm., 1-020, 7 ^ 1 ?” 1*498, [a] 2 > -5-28°, semicarbazone, 
m.p. 159-161®, which Semmler and Schiller separated from the 
neutral oxidation products. This ketone is considered to be 
represented by formula (XXI); on reduction with sodium and 
alcohol it gives the saturated alcohol, CioHigO (XXII), b.p. 103- 
108®/11 mm., 0-9262, 1-476, from which, by oxidation 

with chromic acid, the saturated ketone, CigHigO (XXIII), b.p. 

* Gibson and Simonsen, J,C,S» 1929, p. 305. 
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88-100°/ll mm,, 0*9.262, 1*476, semicarbazone, m.p. 223- 

224^^, was prepared. No direct proof of the constitution of these 
substances is available and the formation of an unsaturated 
ketone by oxidation with potassium permanganate is somewhat 
unusual, although there are several examples of its occurrence 
during oxidation under other conditions. 

With bromine in chloroform solution d-A^-carene reacts 
readily, one molecule of bromine being absorbed, but the di¬ 
bromide is unstable and evolves hydrogen bromide. According 
to Aschan^ the hydrocarbon gives with hydrogen chloride a 
monohydrochloride, b.p. 75-80°/10 mrn., identical with that 
obtained from d-A^-carene (p. 76); the peld of this substance 
is very poor, the main product, as mentioned above, being a 
mixture of the dihydrochlorides of dipentene and sylvestrene. 
d-A^-Carene is not attacked by warm dilute sulphuric acid 
(5 per cent.) but, if heated with this reagent in acetic acid solu¬ 
tion at 60^, a diterpene, b.p. 175710 mm., dlo^ 0*9309, rijf 1*5168, 
W 5461 + 5*09^, is obtained. 
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d^A^-Oarene nitrosochloride has been described by Lagache;^ 
it is extremely unstable and decomposes at 101-102°. It has 
been characterised by the preparation of the nitrolmethylamine, 
m.p. 180°, and nitrolaniline, m.p. 143-144°. On digestion with 
sodium carbonate in alcoholic solution, it is converted into 
nitrosocarene, m.p. 89-90°. Carene nitrosate, decomposing at 
147*5°, was prepared by Simonsen and, owing to its sparing 
solubility in organic media, it can be readily separated even 
when the hydrocarbon is only present in small quantity. It is 
extremely stable and has up to the present not been converted 
into nitrosocarene. 


^ Anncden, 1928, 461, 1; compare Krestinski and Malevskaja, J, Appl. Chem, 
Buss. 1939, 12, 878. t BuU. hist. Pin, 1927, p. 233. 
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The hydrocarbon, d-A^-carene, CioHig, was separated from the 
essential oil derived from the grass, Andropogon JwarancusU 
Jones, by Simonsen,’*' who shortly afterwards showed it to be the 
main hydrocarbon constituent of an oil derived from an uniden¬ 
tified Andropogon grass occurring in the Etawah District, United 
Provinces, India.^ Simonsen suggested that the terpene was 
probably somewhat widely distributed in nature and this has 
since been confirmed by its isolation from German pine-needle 
oil (from Finns sylvestris L.) by Semrnler and Schiller,* from 
Finnish oil of turpentine,® from Swedish oil of turpentine" and 
from the oil of Dacrydinm Franklini Hook, f.^ Z-A*-Carene has 
not been described. 

The constitution of A^-carene has been established by the 
investigations of Simonsen and his collaborators. When the 
hydrocarbon is oxidised in acetone solution with potassium per¬ 
manganate it gives in excellent yield a liquid ketonic acid, 
CioHieOg. This acid, which was characterised by the preparation 
of the semicarbazone, m.p. 182-183°, the oxime, m.p. 124-126°, 
+44*9° (in methyl alcohol) and the ethyl ester, b.p. 133- 
136°/llmm., semicarbazone, m.p. 119-120°, is undoubtedly 
d-1: l-dimethyU2’-y~ketobutylcYclopropane-3-carboxylic acid (II), 
since, when oxidised with sodium hypobromite, it yields a 
dibasic acid, d-3-carboxyA:l-dimethyhyo\opropane-2-propionic 
acid (III), m.p. 103-105°, [a]^+33-5° (in chloroform). The 

♦ J,0,S. 1921,119, 1644; 1922,121, 2292. 

+ Ind, For. Bee. 1924,10, 160. 

* Ber. 1927, 60, 1691; SchimmeVa Report, 1928, p. 97. 

• Aschan, Annalm, 1928, 461, 1. Aschan originally used the ne,me pinonene for 
A^'Carene. 

•• Wienhaus and Schmidt, Schimmd^a Report, 1928, p. 99. 

5 Penfold and Simonsen,«/. Proc. Roy. 8oc. New South Wales, 1929, 63, 95. 
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constitution of this latter acid was proved by its conversion on 
treatment with hydrogen bromide into homoterpenylic acid (IV), 
which has been prepared synthetically * If d-A^-carene be repre¬ 
sented by (I), the reactions involved are shown in the scheme: 



XJHj XJH. 

(VI) (V) (IV) 


Confirmation of the structure of the acids (II) and (III) has 
been provided by Owen and Simonsen.^ By the condensation 
of methylheptenone (V) with ethyl diazoacetate, and saponifica¬ 
tion of the product, the dl-cis- and dl-trans-foims of the ketoacid 
(II) were obtained, which with sodium hypobromite were con¬ 
verted into the corresponding di-isomers of the dibasic acid (III). 
Resolution of the latter products was successfully accomplished, 
and the d-ci^-acid, m.p. 104-105°, was found to be identical with 
that obtained from the oxidation products of d-A*-carene. 

A further direct proof of the presence of the cycZopropane ring 
in A^-carene was furnished by its oxidation to 1-trans-caromc 
acid (VI) by Beckmann’s chromic acid mixture.* There can 
therefore be no doubt that the hydrocarbon has been correctly 
formulated and this is supported by its reaction with hydrogen 
chloride (see p. 77). 

Simonsen, J.C.8. 1907, 91,184. + J.C.8. 1932, p. 1424; 1933. p. 1223. 

♦ Gibgon and Simonsen, J,C.8. 1929, p. 909. 
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Menon and Simonsen’^ have described the synthesis of a hydro¬ 
carbon which is probably identical with A^-carene but, owing to 
the limited material available, confirmation by the preparation 
of crystalline derivatives was not obtained. When the methyl 
xanthate of l-carol (VII) (see p. 82) is distilled at the ordinary 
pressure a hydrocarbon is obtained which, as will be seen from 
the table, has constants agreeing very closely with those of the 


natural terpene. 

d~A*-Carene 

Synthetic hydrocarbon 

B.p. 

166*5-1677707 mm. 

165-1707685 mm. 


0*8552 

0*8551 

< 

1*474 

1*473 

[air 

+ 62*2° 

- 5*96° (in acetic acid) 

CH, 

CHa 

CHa 

in 

i 

i 


—H,0 H,C CH 

H,C CH 

Hid in 

^ ii,c in 

" H,C (SjiN- 


::;h3 

0H-C< 

^CH, 


(VII) 


X3H, 


(I) 


Y 

(VIII) 


di-A^-Carene has been obtained by Naves and Papazian^ by 
the Kishner reaction on piperitenone hydrazone (VIII). 

d-A*-Carene is a colourless mobile oil with a pleasant odour 
reminiscent of p-cymene. The molecular refraction (44*60), in 
contrast to that of A®-carene, shows a marked exaltation (-f 0-5) 
owing to the conjugation of the ethylenic linkage with the 
cyclopropane ring. It is, however, considerably lower than that 
shown by sabinene (-f 0*78). According to Semmler and Schiller, 
when the terpene is heated to 280® under pressure, it is isomerised 
to sylvestrene and a-terpinene. 

A*-Carene is said* to give with maleic anhydride a liquid 
adduct, of which the corresponding dibasic acid has m.p. 184®, 


* J. Ind. Intt. Sei. 1927, 10a, 4; compare Rnzicka, Bdv. Chim. Acta, 1932,15, 
967. 

t Bdv. Chim. Acta, 1942, 25, 984. 

* Diels. Koch and Frost, Ber. 1938, 71, 1163; Hultzsch, ibid. 1939, 72,1173. 
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but in view of the doubtful purity of the hydrocarbon used, a 
further investigation of this reaction is desirable * 

Since A^-carene does not yield any well-authenticated crystal¬ 
line derivatives, it is somewhat difficult to identify. When 
available in sufficient quantity this is generally best effected by 
oxidation with potassium permanganate to the ketonic acid, 
CioHjgOg, or with Beckmann’s chromic acid mixture to l4rans- 
caronic acid. In acetic anhydride solution it gives with sulphuric 
acid a transient purple colour. 

No experiments have been made on the reduction of A^-carene. 
It is very much more slowly oxidised by oxygen or air than 
A^-carene.^ 

With bromine in chloroform solution it gives a liquid bromide, 
whilst with hydrogen chloride in ethereal solution it gives a 
monohydrochloride (IX) which according to Aschan boils at 
75-80°/10mm. In acetic acid solution, however, the hydro¬ 
carbon shows the characteristic property of carene derivatives 


CH3 im. 



♦ Compare Goodway and West, J.C,8, 1940, p. 702. 
t Ran, Ind, For, Rec. 1924,11, 206. 
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and yields a mixture of dipentene and sylvestrene dihydrochloridts 
(X) and (XI), the cj/cZopropane ring undergoing fission. 

The question of the mechanism of the formation of A^-carene 
in nature has been discussed elsewhere (Vol. i, p. xiv). 


B. KETONES 

CA RONE 

OH3 


H n l.u 



Reference has been made already (Vol. i, p. 215) to Baeyer’s 
important observation’^ that, when dihydrocarvone hydro¬ 
bromide is treated with an alcoholic solution of potassium 
hydroxide at 0°, elimination of hydrogen bromide occurs with 
the formation of a saturated dicyclic ketone, carone. Although 
the occurrence of this ketone in nature has not so far been 
observed, in view of the somewhat wide distribution of the 
related hydrocarbons, A^- and A^-carenes, it seems not unlikely 
that it may be found in essential oils. 

At the time of Baeyer’s experiments the constitution of 
carvone was not definitely known (compare Vol, i, p. 394) and 
dihydrocarvone was given formula (I) and the hydrobromide (II). 
Baeyer suggested, therefore, that the new ketone might contain 
either a c^/ciopentane ring as in (III) or, if the hydrobromide 
had the alternative formula (IV), a c/^cZopropane ring (V). In 
the following year^ other possible formulae were discussed and, 
subject to (II) correctly representing dihydrocarvone, Baeyer 
gave preference to (VI), which was closely allied to the Bredt 
formula for camphor. 

The recognition of the correct formula for carvone and the 
confirmation by Tiemann and Semmler of the presence of an 


♦ Bet. 1894, 27, 1919. 


+ lUd. 1895, 28, 1598. 
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CH, 

CHj 

in 

in 

H,d^O 


Hi!: in. 

HBr 1 1 

-^ H,C CHg 

Y 

Y, 

in 


H,dY!H, 

HjdYiH, 

(I) 

(II) \ 

CH, 

CH, 

in 

Ah 

H,cY)0 

1 1 

H,(Ybo 

—HBr 1 1 

H,C CH, 

-► H,C CH 

Yh 

iBr 

H,d'Y!H, 


(VII) 

(VUI) 


CH, 


—HBr 


—HBr 


C 


H,C 

\ 


d’H, 


/ 


in 

(lU) 

CH 

ICHJ 

HjC CH, 

Y 

Ah 

(VI) 


CH, 

in 

HjC'^’O 

BrH(!! in, 
in 

H.C'^H, 


—HBr 


(IV) 

CH, 


Ah 

Hjd^O 

Jc—in 

in 

H,d^H, 

(V) 


i^opropenyl group in dihydrocarvone (Vol. i, p. 351) led Wagner'*' 
to formulate carone as (VIII), since it was formed by the removal 
of hydrogen bromide from dihydrocarvone hydrobromide (VII), 
Baeyer and Ipatiev^ showed this theoretical conclusion to be 
correct, since they found that when the ketone was oxidised 
with a hot solution of potassium permanganate it gave a saturated 
dibasic acid, caronic acid, C 7 H 10 O 4 , the ci 8 -modification of which 
melted at 174-175°, anhydri^, m.p. 54-56°, and the tram- 
modification at 212 °. This acid was isomerised by hydrogen 
bromide at 100 ° to terebic acid (X) and Baeyer and Ipatiev 
formulated caronic acid as the cyclopropane acid (IX), which 
was confiraied by the elegant synthesis carried out shortly after¬ 
wards by Perkin and Thorpe.* There can therefore be no doubt 
that Wagner’s formula for carone is correct. 


* Ber. 1894, 27, 1652, 2270; Abhandlung, Warsaw, 1894, p. 39; J, Muss, Phys, 
Chem, Soc, 1896, 28, 95; 1898, 80, 259. 

+ Ber, 1896, 29, 2797; compare Kondakov and Gorbunov, J,'pr, Ghent, 1897 [ii], 
66, 257. 

* J,C,8, 1899, 76, 48. 
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CHa 

Ah 

H.d^O 


H, 




H 

\ 


KMnO. 


HOoC 




/CH, 
H, 


(VIII) 


(IX) 


HBr 


OC—CH, 

I I 

O CH.( 

Y 

H,d^H, 

(X) 


Carone is a colourless mobile oil with a pleasant camphoraceous 
odour. Both the dextro- and laevorotatory forms of the ketone 
have been prepared from the corresponding dihydrocarvone 
hydrobromides and they have the same sign as the parent 
unsaturated ketone. When distilled at the ordinary pressure the 
ketone boils at about 210° with partial decomposition and iso¬ 
merisation to carvenone\'' it can, however, be distilled under 
diminished pressure. The following constants have been recorded: 
b.p. 99-100715 mm., 0*9567, 1*4787, [a]jr> + 173*8° and 

— 169*5°. For a specimen of the ketone, from which an un¬ 
saturated impurity had been removed by treatment with per- 
benzoic acid, Richter, Wolff and Presting ^ found the following 
values: b.p. 98°/13 mm,, dir 0*955, 1*478, [ajj^ -f 134°. 

The absorption spectrum of carone indicates some degree of 
hyperconjugation between the cyctopropane ring and the car¬ 
bonyl group.* 

Carone can be identified by the preparation of the semi- 
carbazone, d- and Z-, m.p. 167-169°, dl, m.p. 178°, or by oxidation 
to caronic acid. 

Although the ci/cfcpropane ring in carone is sufficiently stable 
in the presence of alkali to enable caronic acid to be separated 
after, oxidation, yet in the majority of reactions this undergoes 
fission with formation of either p- or w-menthane derivatives, 
the ketone behaving as if it contained an ethylenic linkage. 

Reduction of carone to the corresponding secondary alcohol, 
carol, cannot be effected, although this alcohol has been pre¬ 
pared by an indirect method (p. 81). Catalytic hydrogenation 
of d-carone in the presence of colloidal palladium was found by 

♦ Baeyer, Ber. 1894, 27, 1920. t Ber. 1931, 64, 877. 

* Klotz, J. Amer, C.8. 1944, 66, 90; Gillam and West, J.G.S. 1945, p. 95. 
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Iyer and Simonsen"^ 

to give a mixture of \>menthan-2-ol (XI), 

ji-menthane (XII) and l-^-menthane‘2 ; 

: »-diol (XIV). Whilst the 

first two substances 

owe their formation to fission of the cyclo- 

propane ring followed by the reduction of the carbonyl group, 
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C.OH 
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H,C'^H, 

H,(/\h, 

H,(f^H, 

m. 

(XIII) 

(XIV) 

(XV) 

(XVI) 


the simultaneous formation of the diol is not so readily accounted 
for. It is probably due to a preliminary hydration of the dicyclic 
ketone by the dilute mineral acid present in the reaction mixture, 
the resulting ^-hydroxy(xirv(menthone (XIII) then undergoing 
reduction.^ It is interesting to note that no derivatives of 
m-cymene were formed. By the reduction of carone with sodium 
in moist ethereal solution Baeyer* obtained carvomenthol (XV), 
the hydroxymethylene derivative of the corresponding ketone 

♦ J.C.S. 1926, p. 2049. 

+ Compare Richter, Wolff and Preating, Ber, 1931, 64, 877. 

* Ber. 1895, 28, 1601. 
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being formed when carone was treated with ethyl formate in the 
presence of sodium. 

Carone only reacts very slowly with bromine and does not 
yield any crystalline derivatives.* With hydrogen bromide, 
fission of the ct/cZopropane ring occurs with formation of a liquid 
hydrobromide, which was recognised by Baeyer as dihydro- 
carvone hydrobromide by the preparation of the oxime, m.p. 
118-120°. According to Kondakov and Gorbunov ^ isomerisation 
to carvenone occurs simultaneously, but the evidence for this is 
not convincing and requires confirmation. A similar fission of 
the cycZopropane ring was shown by Baeyer* to occur if the 
ketone was allowed to remain for some days with an alcoholic 
solution of sulphuric acid, ^-hydroxycarvomerithorie (XVI), semi- 
carbazone, m.p. 149°, being formed. By concentrated sulphuric 
acid carone is isomerised to carvenone.® 

d- and \-Caroneoximes (XVII), which were prepared by 
Baeyer," are oils, the following constants being given by 
Kondakov and Schindelmeiser ^ for that prepared from d-carone: 
b.p. 130-132712 mm., d:^^^ 1-018, nf?** 1-4795, [a]^ -255-6°. It 
will be observed that a reversal of sign of rotation occurs. The 
dl-oxime is a solid, m.p. 77-79°. 

Results of great interest have been obtained from a study of 
the base d-carylamine (XVIII), which was prepared by Baeyer** 
by the reduction of d-caroneoxime with sodium and alcohol. The 
base is an oil, b.p. 88-89°/15 mm., +72-3° (in alcoholic 

solution),** and gives a crystalline benzoyl derivative, m.p. 123°. 
When an alcoholic solution of carylamine hydrochloride is 
evaporated, it is isomerised yielding vestrylamine hydrochloride 
(XIX), the conversion of which into carvestrene has been 
discussed already (Vol. i, p. 215). 

By treatment of d-carylamine sulphate with nitrous acid 
Menon and Simonsen** prepared \-carol (XX), b.p. 141-1427100 
mm., dl^o 0-9181,1-472, [ajj^ -42-92°. Z-Carol on oxidation 

* Baeyer, Ber, 1894, 27, 1920. 

t J. pr. Chem. 1897 [u], 66, 266. 

* Ber. 1896, 20, 6. 

* Riniiiii, Oazzetta, 1909, 80 [ii], 199. 

" Ber. 1894, 27, 3486; 1896, 28, 640. 

J J. pr. Chem. 1903 [u], 68, 112. •• Ber. 1894, 27, 3486. 

Menon and Simonsen, J. Ind. Inst. Sci. 1927, 10a, 3. 

« J. Ind. Inst. Sci. 1927, 10a, 3. 

, s Tii 
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with chromic acid is reconverted into the parent ketone. The 
synthesis of A^-carene from the alcohol is referred to on p. 75. 

Mention may be conveniently made here of a hydroxy deriva¬ 
tive of carone which was obtained by Baeyer* by the action of 
an alcohoUc solution of potassium hydroxide on l-hydroxy-S- 
bromocarvomenthone (XXI) (Vol. i, p. 356). The dicyclic hydroxy- 
ketone (XXII), b.p. 134-135°/19 mm., [a]p+32*66°, can be 
characterised by the preparation of the oxime, m.p. 138°, semi- 
carbazone, m.p. 197° and the phenylurethane, m.p. 190°. On 
treatment with hydrogen bromide, fission of the cycZopropane 
ring occurs together with replacement of the hydroxy group 
by bromine with the formation of l \^-dibromocarvomenthone 
(XXIII), whilst with sulphuric acid it is hydrated to ketoterpin 
(XXIV), m.p. 78-80°. The constitution of this ketone was proved 
by its reduction to p-menthane-l:2:S-triol (XXV), which on 
oxidation gave homoterpenyl methyl ketone (XXVI). 

Carone was found by Baeyer to react very readily with semi- 
carbazide^ to yield a highly characteristic aemicarbazone, m.p. 
167-169°, dZ-form, m.p, 178°. The thiosemicarbazone melts at 
131-132°.* 


* ifer. 1898, 31, 3211. + Ibid, 1895, 28, 641. 

♦ Gillam and West, J.C.8. 1945, p. 98. 
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d-Carone hydrazonc (XXVII) is an oil, b.p. 131°/20 mm., 
0-9683, 1-5082, which, according to Kishner,*^ when 

boiled with dilute sulphuric acid yields carvenone, and when 
distilled with potassium hydroxide gives the saturated dicyclic 
hydrocarbon, l-carane (XXVIII), b.p. IGO^'/TGl mm., 0-8411, 
1-4569, oijy —47-06°. The conversion of carone hydrazone 
into Z-carane also occurs when it is heated with sodium ethoxide 
under pressure.^ 



(XXVII) (XXVIII) 


♦ J. Russ. Phys. Chem. 80 c. 1911, 43, 1564. 
t Semmler and Feldstein, Ber. 1914, 47, 386. 
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Of peculiar interest is the derivative of carone, bis-nitrosocarone 
(XXIX), which Baeyer * prepared by the action of acetyl chloride 
on a mixture of the ketone and isoamyl nitrite, since this was 
the first derivative of this type to be investigated. Bis-nitroso- 
carone is a crystalline solid, the d- and Z-forms decomposing at 
116-118° and the dl- at 148°. When it is treated with an alcoholic 
solution of hydrogen chloride, it gives a mixture of the nitro- 
sylic acid (XXX), m.p. 80-90°, and 1: S-dichlorocarvomenthone 
(XXXI), m.p. 42°. As might be anticipated the cycZopropane 
ring in the nitrosylic acid is unstable, and when the acid is 
distilled in steam it is hydrated, yielding hydroxycarvomenthone 
nitrosylic acid (XXXII), m.p. 184°.+ 
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Carone does not react with sodium hydrogen sulphite or with 
the sodium derivative of ethyl cyanoacetate. When heated with 
an alcoholic solution of ammonium hydrogen sulphide under 


Ber, 1895, 28, 641, 1596. 

+ Baeyer, Her. 1896, 29, 16. 
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pressure at 145-150® it gives a substance, (CioHi 7 ) 2 S 2 , b.p. 238- 
242®, the constitution of which has not been determined * With 
hydrogen cyanide, carone gives an unstable cyanohydrin, which 
is reconverted into the parent ketone by alkali.^ 

d-Cyanocarone (XXXIV), m.p. 54-55®, +298° (in alcohol), 

smiicarbazonc, m.p. 218-221®, has been described by Clarke and 
Lapworth,* who j)repared it by the action of alkali on cyano- 
dihydrocarvone hydrobromide (XXXIII).® The presence of the 
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(XXXIII) (XXXIV) (XXXV) (XXXVl) 


cyclopropane ring in cyanocarone was proved by its oxidation 
with potassium permanganate to caronic acid. When warmed 
with alkali in the presence of ferrous hydroxide the nitrile is 
converted with loss of hydrogen cyanide into eucarvone (XXXVI), 
the unsaturated dicychc ketone (XXXV), which must be the 
primary product of the reaction, being apparently unstable and 
immediately isomerising. The bearing of this reaction on the 
mechanism of the formation of eucarvone is discussed further 
on p. 90. 

EUCARVONE 


CH3 

I 



* Agostinelli, Gazzetta, 1913, 44, 111. 

+ Menon and Simonsen, J. Ind. Inst Scu 1927, 10a, 5. 
t 1910, 97, 12. • Lapworth, J,C,8. 1906, 89, 1826. 
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Although eucarvone, C^oHi^O, is a monocyclic ketone derived 
from carvone, it is conveniently considered here, since it was 
originally regarded as dicyclic and the determination of its con¬ 
stitution was directly dependent upon the determination of that 
of carone. Its occurrence in nature has only once been reported, 
when it was obtained by steam distillation of Asarum Sieboldi 
var. seoulensis Nakai.* 

Contemporaneously with his experiments on the removal of 
hydrogen bromide from dihydrocarvone hydrobromide, which 
resulted in the preparation of carone,^ Baeyer* investigated the 
action of alkali on carvone hydrobromide, when an optically 
inactive ketone, C1QH14O, '‘eucarvol”, was obtained. At the 
time of these experiments carvone was considered to have 
formula (I) and eucarvol or eucarvone, as it was later called, 
was given (II). 



(I) (II) (III) (IV) 


The subsequent proof that carvone had formula (III) and that 
carone was the dicyclic ketone (IV) naturally led Baeyer* to 
modify the formula for eucarvone, which he now regarded as 
the unsaturated dicyclic ketone (VI) from carvone hydroibromide 
(V) in a similar manner to carone from dihydrocarvone hydro- 
bromide. 

With carone, direct evidence of the presence of the cyclo¬ 
propane ring was readily obtained by its oxidation to caronic 
acid (p. 78 ), but eucarvone, when oxidised under similar con¬ 
ditions, gave aa-dimethyUuccinic acid (VII). This discrepancy 

^ Kaku, Kondo, Cho and Orita, Keijo J, Med, 1931, 2, 566. 

t Buf, 1894, 27, 1916. * Ibid, p. 810. 

» Ibid, 1898, 81. 2067. 
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between the two ketones was ascribed by Baeyer to the in¬ 
stability of this ring in the unsaturated ketone, and in support 
of this he directed attention to the fact that, when eucarvone 
was reduced with sodium and alcohol, it gave an unsaturated 
secondary alcohol, dihydroeucarveol, CjoHigO, from which an 
unsaturated ketone, dihydroeucarvone^ CjoHieO, could be pre¬ 
pared by oxidation.with chromic acid. These two derivatives of 
eucarvone undoubtedly contained a cycZoheptene ring and Baeyer 
represented them by formulae (VIII) and (IX). The evidence 
for this was obtained in a somewhat indirect manner. Dihydro- 
eucarvoxime gives with hydrogen iodide a crystalline hydroiodide, 
CioHigONI, m.p. 161-162'^, from which, by reduction with zinc 
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dust and alcoholic hydrochloric acid, an oxime can be prepared 
which on hydrolysis yields a saturated ketone, tetrahydro- 
eucarvone, CioHigO. If dihydroeucarvone has formula (IX), the 
saturated ketone must be represented by (X). This was confirmed 
by its oxidation to the hquid ketonic acid, CioHigOg (XI), semi- 
carbazone, m.p. 101-102°, from which by the action of sodium 
hypobroniite ^^-dimeihyl^nmelic acid (XII), m.p. 101-102-6°, 
was prepared. 

Whilst these experiments proved beyond question the presence 
of a seven-membered ring in dihydroeucarveol, dihydroeucarvone 
and tetrahydroeucarvone, many objections, fully recognised by 
Baeyer, could be urged against the dicycHc structure for eucar- 
vone. Amongst the more important of these are (i) reduction 
would be expected to give, as is the case with carone (p. 80 ), 
derivatives of carvomenthone, (ii) oxidation should give caronic 
acid, and (iii) by the action of hydrogen chloride carvone 
hydrochloride should be obtained. 

A reinvestigation of the properties of eucarvone by Wallach^ 
furnished conclusive evidence that eucarvone, like its reduction 
products, contained a seven-membered ring, and he suggested 
formula (XIII). It will be observed that this represents the 
ketone as containing the group —CHg—CO—, the presence of 
which was confirmed by the preparation of a benzylidene deriva¬ 
tive (XVI). Wallach further showed that, when the ketone was 
n^duced with sodium and alcohol, in addition to dihydroeucarveol 
(VIII), tetrahydroeucarveol (XIV) was also formed, which could 
be oxidised with chromic acid to tetrahydroeucarvone (X), 
identical with the ketone prepared indirectly by Baeyer from 
dlhydroeucarvoxime. Incidentally Wallach con&med the con¬ 
stitution assigned to the substituted pimelic acid (XII) by 
converting it, by distillation of the calcium salt, into 3 : 3 - 
dimethylcyclohexanone (XV). The various reactions involved are 
shown in the scheme on p. 89 . 

It must be pointed out that no direct evidence of the position 
of the ethylenic linkage in dihydroeucarveol or dihydroeucarvone 
was provided either by the investigations of Baeyer or Wallach, 
and the alternative formula (XVII) was possible (see p. 89 ). 


♦ Annalen, 1899, 305, 242, 274; 1905, 339, 94; Ber. 1896, 29, 1600. 




The adoption of Wallach’s formula explained inter alia (i) why 
the ketone, although prepared from an active hydrobromide, 
was always optically inactive, since it does not contain an 
asymmetric carbon atom, (ii) the very high molecular refraction, 
46*72, in place of the calculated value, 43*72, for a dicyclic 
unsaturated ketone, and (iii) the formation of a hydroxylamino- 
oxime (see p. 94). The only important facts which could be 
urged against the formula were (i) the ready isomerisation of 
eucarvone to carvacrol (XIX), which probably takes place 
through the enolic form (XVIII)of the ketone, and (ii) the 
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Baeyer, Ber. 1894, 27, 812; compare Dormaar, i?ec. trav, chim. 1904, 23, 400. 
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formation of 2-chloro-^‘Cy7iiene (XX) by the action of phosphorus 
pentachloride.'*' 

To explain the formation of eucarvone from carvone hydro¬ 
bromide (XXI) by the action of alkali Wallach suggested that, 
as was anticipated by Baeyer, the primary product of the reaction 
is the dicyclic ketone (XXII), which is, however, unstable and 
passes through the hydroxy-ketone (XXIII) into eucarvone. 
Confirmatory evidence of this view of the mechanism of the 
reaction was supplied by an investigation of Clarke and Lap- 
worth,^ who showed that, when cyanocarone (XXIV) was treated 
with alkah in the jnesence of ferrous hydroxide, eucarvone was 
formed. In this case there can be no doubt that the dicyclic 
ketone (XXII) must be the primary product of the reaction. 
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Eucarvone is a colourless oil wdth an odour resembling that of 
menthone. The following constants were observed by Auwers* for 
the ketone purified through its semicarbazone: b.p. 88^/10 mm., 


♦ Klages and Kraith, Ber. 1899, 32, 268. 

* Annalen, 1918, 415, 164. 


t J,€,S. 1910, 97, 15. 
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dfr 0*9490,1*5087. The molecular refraction shows an exalta¬ 
tion of 4-1*35 units, which, as noted by Auwers and Eisenlohr,*^ 
is remarkably low, the ketone resembling in this respect ionone. 
The ketone is isomerised when distilled under the ordinary 
pressure. The heat of combustion has been determined by Roth 
and Ostling^ and found to be 1373*1 kg.-cals. The absorption 
spectrum is typical of a conjugated dienone.* 

Eucarvone can be identified by the preparation of the semi- 
carbazone, m.p. 183-185°,* or the 2'A-dinitrophsnylhydrazone, 
m.p. 152-153°," whilst, when it is mixed with a concentrated 
methyl alcoholic solution of potassium hydroxide, it gives a 
highly characteristic deep blue colour, which is discharged on 
dilution with waterWith maleic anhydride it gives an adduct, 
m.p. 165-167°.’^’^ Eucarvone is somewhat unstable and when 
boiled for one hour is completely isomerised to carvacrol. 

By the catalytic hydrogenation of eucarvone in the presence 
of palladium, Wallach^^ prepared tetrahydroeucarvone, b.p. 208- 
209°, 0*9063, 1*4554, semicarbazone, m.p. 201° and 161- 

163°, ni^ro^o-derivative, m.p. 104-105°. This ketone is now there¬ 
fore readily accessible; previously it could only be obtained by 
the laborious process referred to above. As mentioned, reduction 
of eucarvone with sodium and alcohol gives a mixture of oL-dihy- 
droeucarveolandtetrahydroeucarveoL** a-Dihydroeucarveol, which 
for the reasons given below must have formula (VIII), is a viscid 
oil, b.p. 216°, 114°/16 mm., 0*929, lA16S,phenylurethane, 

m.p. 61-63°, and gives on oxidation with chromic acid oL-dihydro- 
eucarvone (IX),” b.p. 202-203°, 86-87°/16 mm., df?" 0*9222, 
1*4697, semicarbazone, m.p. 189-191°, 6i«-wi^ro50-derivative, 
m.p. 121-124°;"" the oxime is an oil. 

By the reduction of eucarvoxime (XXV) with hydrogen in the 
presence of palladium, Wallach and Klein prepared a crystalline 
p-dihydroeucarvoxime (XXVI), m.p. 122-123°, from which on 
hydrolysis an isomeric p-dihydroeucarvone, b.p. 213-214°, 

♦ J, pr. Chem. 1911 [u], 84, 80. t Ber. 1913, 46, 324. 

* Gillam and West, J.C,8. 1942, p. 485. 

» Baeyer, Ber. 1894, 27, 1923. ‘i West, J.C,8, 1940, p. 1162. 

5 Baeyer, Ber. 1894, 27, 812. West, loe, cit. 

tt Annalm, 1911, 381, 67; 1914, 403, 87. 

Baeyer, Ber, 1894, 27, 1922; Wallaoh and Koehler, AnncUen, 1905, 339, 102. 

>1 Baeyer, Ber. 1894, 27, 1922; Klages and Kraith, ibid. 1899, 32, 2563. 

nil Baeyer, ibid. 1895, 28, 646. 99 Annalen, 1914, 403, 87. 
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0*9325,1*4790, semicarbazone, m.p. 202°, was obtained. 
This ketone differed from the isomeric dihydro-ketone in not 
giving a nitroso-derivative, but it formed a nitrosochloride^ m.p. 
95°. The two isomeric dihydroeucarvones differ in the position 
of the ethylenic linkage, and the constitution of the jS-ketone 
(XXVII) is proved by its oxidation to ^^-dimethyladipic acid 
(XXVIII), m.p. 80°. These structures are confirmed by recent 
observations of the absorption spectra;’^ the jS-ketone, in which 
the ethylenic linkage is conjugated with the carbonyl group, 
shows the expected absorption at A 2395 a., which is not exhibited 
by the isomer. There are therefore the two following schemes 
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♦ Gillam and West, J,C, 8 , 1942, p. 486. 
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for the preparation of the isomeric dihydroeucarvones; jS-dihydro- 
eucarveol has not been described. 

Additional evidence in support of the structural isomerism of 
the two dihydroeucarvones was furnished by the catalytic hydro¬ 
genation of j3-dihydroeucarvoxime to tetrahydroeucarvoxime 
(XXIX), m.p. 56-57°, which when reduced with sodium and 
alcohol gives tetrahydroeucarvylamine (XXX), b.p. 208*5°, 
0*8680, 1*4665, acetyl derivative, m.p. 110*5°, benzoyl 

derivative, m.p. 168°. This base contains two asymmetric carbon 
atoms, but apparently only one externally compensated form has 
been isolated. By reduction of eucarvone with zinc dust in 
alkaline media three isomeric pinacones, C 20 H 30 O 2 , are formed, 
the constitutions of which have been discussed by Wallach.* 

No crystalline derivatives of eucarvone with the halogens or 
halogen acids have been described, although Wallach^ studied 
the bromination of the dihydroeucarvones. When eucarvone in 
light petroleum s 6 lution is treated with phosphorus pentachloride 
it yields a cAioro-derivative, which by the action of quinoline 
passes into 2 -chloro-^-cymene.* The conversion of eucarvone 
into derivatives of benzene was carried out by Baeyer in an 
interesting series of reactions.* By the action of phosphorus 
pentachloride on a-dihydroeucarveol (VIII) a chloride'^ was 
prepared, which was not homogeneous, distilled about 100 - 
110°/29 mm. and consisted essentially of the substance (XXXI). 
When the chloride was treated with quinoline a hydrocarbon, 
euterpene, b .p. 161 -165°, was obtained, which is probably the cyclo- 
heptadiene hydrocarbon (XXXII), although the constitution 



(VIII) (XXXI) (XXXII) (XXXIII) 

AnnaUn, 1914, 403, 102. t JUd, 1919, 418, 53. 

♦ Klages and Kraith, Ber, 1899, 32, 2558. » Ber. 1898, 31, 2077. 

M Klages and Kraith {Ber, 1899, 32, 2561) give the b.p. 85°/20 mm., 0-935, 
nn 1-4617. 
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has not been rigidly proved. Oxidation with potassium per¬ 
manganate gives a^-dimethylsuccinic acid, whilst degradation 
by the Baeyer-Villiger method of exhaustive bromination yields 
1 :2-dimethylA-ethyU)enzene (XXXIII). 

Eucarvoxime, m.p. 106°, was described by Baeyer* and by 
Wallach.^ Although it can be hydrolysed to the parent ketone 
it is somewhat stable to hydrolytic agents. On reduction with 
sodium and alcohol it yields a mixture of oL^dihydroeucarvylamine 
(XXXIV), b.p. 110-117°/40 mm,y phenylurethane, m.p. 142° and 
tetrahydroeucarvylamine (see p. 93). 
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Like the tetrahydro-base, the dihydro-base is theoretically 
capable of existing in two externally compensated forms. 

When eucarvone is treated with an excess of hydroxylamine 
it yields a hydroxylamino-oxime (XXXV),* which melts at 141- 
142° and gives a hydrogen oxalate, m.p. 198°. 

Eucarvone does not react with sodium hydrogen sulphite but, 
as was mentioned on p. 88, it reacts with benzaldehyde in the 
presence of sodium ethoxide to give a benzylidene derivative 
crystallising in yellow prisms, m.p. 112-113°. At the same time 
a colourless substance, C 24 H 24 O 2 , ni.p. 193-194°, is formed, the 
constitution of which has not been determined.* The action of 
methyl magnesium iodide on eucarvone has been investigated by 
Rupe and Kerkovius," who obtained a hydrocarbon, b.p. 

67-68°/! 1 mm., 0-8687, 1-5066. The constitution of this 

has not been established, but it is not improbable that it is a 
mixture of the two substances represented by (XXXVI) and 
(XXXVII). 

♦ Ber. 1894, 27, 813. t Anndlen, 1899, 806, 239. 

* Harries, ^nnoJen, 1904, 330, 275. 

• WaUaoh, Ber. 1896, 20, 1600; Annalen, 1899, 305, 242, 276. 

11 Ber. 1911,44, 2703. 
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C. OXIDE 


^^^CARENE^^:Q^EPOXIDE 

CH3 

hc^Sjh 



A constituent, C 10 H 14 O, of the essential oil derived from the 
leaves and terminal branchlets of Zieria Smithii, which grows in 
New South Wales, Queensland and Victoria, has been shown by 
Penfold and Simonsen’^ to be a derivative of A®-carene, namely 
\-l!!s?-carene~^\ ^-epoxide (I). This somewhat unusual tricyclic 
structure is based upon the following evidence. 

On ozonolysis cis-hcymomronic acid (II) (compare p. 68) was 
obtained, thus affording proof of the presence of the cycilopropane 
ring, whilst on treatment with hydrogen bromide dl-1: %-dihromo- 
^-menthin-Z-one (III), m.p. 74°, was formed. This reaction is 
comparable with the conversion of A®- and A^-carenes into dipen- 
tene dihydrochloride by the action of hydrogen chloride (compare 
pp. 66, 76), the ring fission in this case being accompanied by the 
isomerisation of the epoxide to a ketone. This facile isomerisation 
to carbonyl derivatives is discussed further below. The structure 
of the dibromomenthone, which had not been described pre¬ 
viously, was established by its hydrogenation to dl-menthone (IV) 
and by its conversion on digestion in acetic acid solution with 
sodium acetate to A^’^^*^-p-m6?iiAadic7i-3-one (piperitenone) (V), 
which occurs in the oil from Mentha Pulegium var. Vilhsa Benth.^ 
(compare Vol. i, p. 409). 

Whilst these reactions are in accord with the suggested struc¬ 
ture (I), rigid proof of the presence of the ethylenic linkage and 
of the epoxide ring could not be obtained. Catalytic hydrogena¬ 
tion was accompanied by ring fission as is commonly the case with 

♦ J.C./8. 1939, p. 1496. 

t Naves, Hdv. Chim, Acta, 1942, 26, 732. 
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dicyclic substances containing the cyclopropane ring."^ Nor was 
it found possible to prepare a glycol, since the epoxide, if heated 
with water at 150° or digested with dilute aqueous alkali, gave 
geranic acid (VI). 
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If, however, the epoxide was allowed to stand in the cold with 
ethyl alcoholic potassium hydroxide for 14 days the reaction 

* Compare Iyer and Simonsen, J,C,8. 1926, p. 2049; Short and Bead, ibid, 1938, 
p, 2016; 1939, p. 1040. 
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proceeded in a completely different manner with the formation 
of a crystalline acid, C 1 QH 14 O 2 , m.p. 83°. This acid was shown by 
Penfold and Simonsen*^ to be 1:3:3-^nme^%Z-A^-c^ctohexene- 
4k-carboxylic acid (VII), since it gave, on ozonolysis followed by 
further oxidation with sodium hypobromite, p-methylpentane- 
^ye4ricarboxylic acid (VIII), m.p. 153°. 
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The formation of the c/ycZohexene acid is obviously connected 
with the marked tendency shown by the epoxide to isomerise to 
ketones, and it is most probable that the reaction proceeds in 
accordance with the scheme set out below: 







(VII) 


(I) (IX) 


if-A®“Carene-5:6-epoxide is a colourless mobile oil with a 
pleasant odour, b.p. 83-85714 mm., d\^^o 1-4792, 

[*^] 646 i The absorption spectrum was examined by Gillam^ 

and this, whilst definitely excluding the presence of the chromo- 

phoric systeip ^C;(!!.C:0, does not definitely exclude the pre¬ 
sence of an isolated carbonyl group. The epoxide can be most 


♦ J.CM. 1942, p. 206 . t J,c,8. 1939, p. 1499. 

s Tii 7 
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readily characterised by the preparation of the dibromo- 
menthone, m.p. 74°, referred to on p. 95 or the related dicAfonde, 
m.p. 72°, obtained by the action of hydrogen chloride. 

Whilst the epoxide distilled Vithout decomposition under 
diminished pressure, it developed a deep yellow colour when 
distilled at the ordinary pressure or if it was heated for a short 
time at 160-170°. The oil so obtained reacted immediately with 
carbonyl reagents yielding two semicarbazones, m.p. 221-223° 
and 183-185°, respectively, and a very sparingly soluble purple 
2 : 4:-dinitrophenylhydrazone, m.p. 218-220°, derived from a ketone 
of the formula C 10 H 14 O. The structure of the ketone, from which 
these derivatives were formed, was not determined, but it is 
possible that it was represented by (IX). 

Slow isomerisation of the epoxide occurs also on treatment 
with carbonyl reagents. With 2 :4-dinitrophenylhydrazine sul¬ 
phate in aqueous solution a yellow 2 : 4t-dinitrophenylhydrazonet 
m.p. 143-144°, of a hydroxy-ketone, CioHie 02 , was obtained, 
whilst in alcohohc solution two 2: 4r-dinitrophenylhydrazone8y one 
crystalusing in garnet prisms, m.p. 192-193°, and the second in 
orange yellow needles, m.p. 165-166°, derived from an ethoxy- 
ketone, C 12 H 20 O 2 , are formed. Whilst the simplest explanation 
of the formation of these derivatives would be that they are 
derived from the epoxide by isomerisation to an unsaturated 
ketone, accompanied by ring fission with the addition of water 
and alcohol respectively to give either hydroxy (or ethoxy)-m- 
or p-menthenones, the marked difference in their colour would 
suggest that this explanation is inadequate. A more probable 
explanation is that the yellow 2 :4-dinitrophenylhydrazones are 
derived from the ketone represented by (X), where R is either 
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hydrogen or ethyl, whilst the garnet 2 :4-dinitrophenylhydrazone 
is a derivative of either (XI) or (XII). 

With semioarbazid© acetate in methyl alcoholic solution a 
mixture of semicarbazones resulted from which, on crystallisa¬ 
tion, fractions were obtained not differing appreciably in melting- 
point, m. 192°, but showing a marked difference in their rotatory 
power, [a] 540 i —95° to —70° (in pyridine). It would appear not 
improbable that these semicarbazones are derived from the 
carenone (XIII), which, although unstable in the free state 
(compare p. 90), may be stable in the form of derivatives. The 
varying rotatory power may have been due in part to the fact 
that the semicarbazone was not stereochemically homogeneous. 

OH3 
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HO (JO 
HjC Im 



(XIII) 

This would be anticipated, since isomerisation of the epoxide 
involves one of the asymmetric centres. Some support for this 
view was furnished by the fact that treatment of the semi¬ 
carbazone with 2 :4-dinitrophenylhydrazine sulphate in ethyl 
alcoholic solution gave a mixture of the two 2 :4-dinitrophenyl- 
hydrazones, m.p. 192-193° and 165-166°, referred to above. 
Hydrolysis of the crude semicarbazone with either oxalic or 
phthalic acid gave a mixture of ketones, one of which was 
piperitenone (V) (p. 96). A fraction of lower boiling-point 
contained a ketone, C 7 H 10 O, 2’A’dinitrophenylhydrazone, m.p. 
176-177°, which was not identified. 
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CHAPTER III 


PINANE AND ITS DERIVATIVES 

A. HYDROCARBONS 

PINANE 



Addition of a molecule of hydrogen to the ethylenic linkage 
present in either a-pinene (I) or jS^pinene (II) should, in the 
absence of isomerisation, lead to the formation of the saturated 
dicyclic hydrocarbon, pinxine (III). As is mentioned on p. 135, 
the early experiments on the reduction of pinene (a mixture of 
a- and j8-pinenes) involved the use of acidic reducing agents and 
high temperatures, so that the product of the reaction consisted 
essentially of p-mentlmne (IV). With the introduction of the 
catalytic methods of hydrogenation, it has, however, become 
possible to prepare pinane free from isomerides. 

The first experiments on the catalytic hydrogenation of 
a-pinene were made by Sabatier and Senderens,^ who reduced 
Z-a-pinene at 170-180° using a nickel catalyst. They obtained a 
saturated hydrocarbon, b.p. 166°, djo 0*862, which they assumed 
to be pinane, although they furnished no evidence in support of 
this structure. Subsequently both d- and Z-a-pinenes were reduced 
by other investigators, either by the Sabatier>Senderens process, 
or at ordinary temperature, using a platinuih or palladium 


ContypU rend, 1901,182, 1250. 
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catalyst/ Pinane was also prepared by the hydrogenation of 
jS-pinene/ from pinocamphonehydrazone (p. 232) by Kishner’s 
method, from d-verbanonehydrazone (p. 236) by the action of 
sodium ethoxide at 140-160®^ and from pinocamphone semicar- 
bazone by Wolff’s reaction.® Whilst the boiling-points of the 
hydrocarbons, so })repared, were approximately the same as that 
observed by Sabatier and Senderens, very marked differences 
occun’ed in the densities and refractive indices." To account for 
these differences, it was suggested that possibly reduction of the 
ethylenic linkage was accompanied, at any rate to some extent, 
by ring fission, and that the hydrocarbon, although possessing 
a constant boiling-point, was actually a mixture of pinane, 
2 >-menthane and possibly also o-menthane. 

In an admirable paper by Lipp^ an explanation was given 
which fully accounts for these anomalies. He pointed out that 
it had not apparently been fully appreciated that, on reduction 
of either a- or jS-pinene, the cis- and ^rari.s-modifications of pinane 
might be formed. Now' it is known from the investigations of 
Auwers*”^ and Skita ^^ that the cis- and trans-formB of a substance 
differ in density and refractive index, the trans- having the lower 
density and refractive index. Herein Lipp found an explanation 
of the divergent results of previous investigators, which he con¬ 
firmed by his own experiments, whilst at the same time he 
advanced experimental evidence to show that the hydrocarbon 
obtained w as actually pinane. 

When Z-a-pinene - 38-08°) was reduced by the Sabatier- 
Senderens process with a nickel catalyst at 220-230°, trans- 
Z-pinane, b.p. 162-164°/720 mm., 0-8519, 1-4595, 

[a]/) —16-1°, was obtained. By reduction in the presence of 
platinum black at the ordinary temperature ci^-Z-pinane, b-p.** 
164-8-166-8°/716 mm., 0-8562, 1-4624, [a]^, - 18-9°, was 

prepared. From d-a-pinene ([a]p +47-5°), CM-d-pinane, b.p. 

* Sabatier and Maihle, Bnll. Soc, chirn* 1906 [iii], 86, 615; Vavon, CompL rend, 
1909* 149, 998; Bull, Soc, chim. 1911 [iv], 9, 256; Zelinski, Ber. 1911, 44, 2784; 
Kametkin and Jarzev, J, Buss. Phys. Chem, Soc. 1920, 51, 147; Ber. 1923, 56, 832. 
t Vavon, Compt, rend, 1910,150, 1127, * AnncdsUf 1924, 439, 36. 

9 Nametkin and Jarzev, Ber. 1923, 56, 832. 

•I The optical rotatory power naturally varied, both in sign and magnitude, with 
that of the a- or /9-pinene reduced. 

1 Ber. 1923, 56, 2098. 
tt Ber, 1920, 58, 1792. 


Anndlen, 1919, 420, 91. 
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163-1647720 mm., rfff 0*8566, 1*4624, [a];^+23*08^ was 

prepared in a similar manner. The molecular refraction of these 
three hydrocarbons was found to be the same, 44*36, 44*35, 44*37, 
showing an exaltation of approximately 0*4 unit. 

There is of course no evidence that the cis- and ^m725>pinaues 
were the pure isomerides, and this is indeed improbable, but 
direct proof of their constitution w as furnished by their oxidation 
with potassium j)ermanganate to methylnopinol (V), m.p. 79°. 
This alcohol is probably a stereoisomeride of the substance, m.p. 
58-59°, pre})ared by Wallach^ by the action of methyl magnesium 
iodide on nopinone. On hj^dration with suly)huric acid it gives 
terj)in hydrate, whilst, by the further action of potassium 
permanganate, pinonic acid is obtained. 

It has been suggested by Zelinski and Lewina^ that )S-pinene 
does not give pinane on catalytic hydrogenation, the catalyst 
used being palladium deposited on charcoal and the temperature 


C OH 
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HgC 
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170-175°. This has been shown by Lipp* to be incorrect. 
?-jS-Pinene gives, on catalytic hydrogenation in the presence of 
platinum black, ci^-Z-pinane identical in all respects with that 
prepared from Z«a-pinene. If, however, Zelinski and Lewina’s 
method of hydrogenation be adopted, a much more profound 
change occurs and the product obtained is a mixture, the con¬ 
stituents of which have, however, not been identified. 

Schmidt* has recently obtained the cis- and Zmw^-pinanes 
by hydrogenation of the stereoisomeric forms of S-pinene. 

AnndUn, 1907, 356, 239. t Ber, 1929, 62, 339. 

» Ibid. 1930, 63, 412. « Chem. Ber. 1947, 80, 520. 
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Since a-pinene, pinocamphone, and verbanone have recently 
been obtained synthetically (pp. 128,228,235) the total synthesis 
of pinane may also be considered to have been accomplished. 

The rotatory power of pinane in different solvents has been 
measured by Rule and Chambers.* 

Pinane is remarkably stable both to oxidising agents and 
mineral acids. It is only very slightly attacked by hydrogen 
bromide at 230®, whilst on reduction with hydriodic acid and 
red phosphorus it yields a hydrocarbon, CiqH 2 o> b.p. 160-165®, 
d\T 0*8019, 1 *4393, which is not homogeneous, but probably 

consists essentially of jo-menthane. According to Shochet^ the 
oxidation of d-pinane by air at 110® gives ^-acetyl-l : \-‘dimethyl- 
2-ethylojc[obutane (VI). Pyrolysis of the hydrocarbon gives a 
complex mixture of acyclic and monocyclic dihydroterpenes,* 
whilst when heated under pressure with magnesium chloride 
solution it is isomerised to l-eihyl-2-\mproj)ylQ,yc\oj)entme (VII).* 
When dehydrogenated over a platinum catalyst it gives o- and 
p-cymene, and also 1:2:3- and l:2:4-trimethylbenzene8." 

By the action of chlorine on d-pinane, \-2-chloropinane (VIII), 
b.p. 57®/2*6mm., [a]j) -6®; d-1-chloropinane (IX), b.p. 66®/2*5 
mm., [a]2)+10®; and a dichloropinane, b.p. 102°/2*5 mm., 
[a]j 9 —12°, are obtained.^ The 2-chloro-compound may be con¬ 
verted via the acetate or Grignard derivative into \-pinocampheol 
(X), m.p. 58-59® (see p. 101), whilst treatment with potassium 
phenoxide results in the loss of hydrogen chloride and the forma¬ 
tion of a-pinene (I), together with some 8-pinene (XI).** Similarly, 
from 7-chloropinane, dihydromyrtenol (myrtanol) (XII) and 
pinene (II) are obtained; this amounts to an indirect synthesis 
of the latter hydrocarbon, 

2-Bromopinane has m.p. 70-72®, and shows the same reactions 
as the 2-chloro-compound. 

* J,C.S. 1937, p. 151. t BvU, 8oc. chitn. Bdg. 1935, 44, 387. 

* Kummelsburg, J. Amer. C.S. 1944, 66, 1718.' 

* Ipatiev and Pines, ibid. 1945, 67, 1931. 

•I Olberg, Pines and Ipatiev, ibid, 1948, 70, 533; compare Linstead, Miohaelis 
and Thomas, J.C.8. 1940, p. 1139. 

5 Bonnet, Inst. Pin, 1938, pp. 217, 241; 1939, p. 1; Gandini, Gazzetta, 1940, 
70, 254. 

** According to Treibs {Annalen, 1947, B68, 136) S-pinene can be purified by 
treatment with hydrogen chloride, with which, unlike a-pinene, it does not react. 
Pure S-pinene has -78®, 0*8647, wj?® 1*4661. A dextrorotatory form, ajD +51®, 
has been described by Schmidt {Chem. Ber. 1947, 80, 520). 



CH. Ill 


PINANE AND ITS DERIVATIVES 


105 


y.^PINENE 

CH3 





Pineiie must be regarded as the most important member of the 
terpene hydrocarbons, and it occurs very widely distributed in 
nature. It is ])resent in the majority of essential oils derived from 
the (^oniferae and it is the })rincipal constituent* of oil of tur})en- 
tine, which has been known from very early times. According 
to Fluckiger^ the name turpentine was given originally to the oil 
prej)ared from the oleo~resin of Pistacia Terebinthus L., and was 
probably first prepared in Persia, since the word “Termentin” 
or ‘‘Turmentin'’ is, according to Fliickiger, Persian. The date of 
the introduction of the oil into the West does not appear to be 
known, but it is referred to in the literature of the thirteenth 
century, its valuable properties as a solvent being early recog¬ 
nised. 

The designation, pinene, was given by Wallach^ to the hydro¬ 
carbon fraction, b.p. 155-165°, of oil of turpentine, which had 
previously been known by a great variety of names, inter ah, 
terebenthine, australene, eucalyptene, olibanene, etc. This tiame 
was selected to indicate its association with the various species 
of Pinus, in which it is so largely found. In view of the facility 
with which turpentine could be obtained, its reactions have been 
investigated from a very early date and it is only possible here 
to summarise the more important researches. The first analysis 
of pinene was made by Lavoisier, but the correct composition, 

♦ Gildemeister and Hoffmann, Die Atherischen Ole, 1928,1, 342. 

^ Die Pharmakognoaie, 1883, p. 66. 

* Annalen, 1885, 227, 300. 
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CgHg, was determined by Labilliardiere/ Biot a few years pre¬ 
viously (1815) having made the fundamental observation that 
French oil of turpentine was optically active and laevorotatory. 
Although during the following years a number of reactions of 
pinene were studied and crystalline ‘^pinene hydrochloride”, 
artificial camphor, prepared, the next important advance was 
due to Dumas,^ who determined the molecular weight and showed 
the correct formula to be CioH^g. In the next two decades little 
progress was made in the determination of the constitution of 
the hydrocarbon. It was observed that when jhnene was treated 
\vith hydrogen chloride, in addition to ‘'pinene hydrochloride”, 
a dihydrochloride CioHje, 2HC1, identical with that prepared from 
limonene, was formed,* whilst Berthelot* showed that when 
heated at 250 -300° under pressure it was isomerised to hydro¬ 
carbons having a higher boiling-point. Some years later, 
Berthelot" made the very important observation that "pinene 
hydrochloride” could be converted into a crystalline hydro¬ 
carbon, camphene, and he recognised that pinene and camphene 
differed in structure.’ Amongst other derivatives prepared and 
studied during this period were dipentene dihydrochloride, terpin 
hydrate and sobrerol. A number of experiments on the oxidation 
of the hydrocarbon*^ were also carried out, but they did not yield 
results giving any clue to its constitution. Its relationship, 
however, to the aromatic hydrocarbons was established by the 
experiments of Barbier,** Oppenheim ** and Kekule,** who showed 
that it could be converted into a methylpropylbenzene, but it 
was only many years later that Widmann actually proved this 
to be j9-cyniene. 

In 1875, Tilden” prepared pinene nitrosochloride (p. 178) and 
a few years later (cf. Vol. i, p. 144) he suggested that the terpenes 
could be divided into three main classes: (i) the turpentines, b.p. 

* J. Pharm. Chim, 1818 [ii], 4, 6. t Annahn, 1833, 6, 250. 

* Inter a/., Blanohet and I^U, AnnateUy 1833, 6, 271; Dumas, ibid. 1834, 9, 56; 
Berthelot, Ann. Chim. 1854 [iii], 49, 5, 31; Annaleny 1852, 84, 350; List, ibid. 1848, 
07, 362; DeviUe, 1849, 71, 361. 

« Annahn, 1853, 88, 342. » Ibid. 1858,110, 367. 

5 Compt. rend. 1862, 65, 496, 644. 

Inter at., Schonbein, J.pr. Chem. 1861 [i], 62, 135; 68, 65; 64, 74; 1866 [i], 66, 
272 |i}, 76, 80; Chautard, Anndlen, 1853, 88, 340. 

■ft Compt. rend. 1872, 74, 194. 

«* Ibid. 1873, 6, 439. 

51 J,C.8. 1876, 28, 614. 


« Ber. 1872, 6, 94. 
ill! Ibid. 1891, 24, 439. 
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155-165'', (ii) the citrenes, b.p. 170-180", and (iii) sylvestrene. It 
will be observed that this is actually a division into dicyclic and 
monocyclic terpenes. The chief value of the classification lay in 
the fact that it recognised for the first time that the number of 
terpenes was not unlimited. Other classifications were proposed 
at this time, but they were all superseded as knowledge of the 
chemistry of the various members of the terpene series developed. 
(Although Oppenheim and Kekule"^ had suggested that pinene 
was a derivative of dihydrocymene, and Armstrong ^ had actually 
put forward a dicyclic structure (I), the first systematic attemi)ts 
to explain the reactions of the hydrocarbon were due to Wallach. 
Taking advantage of Tilden’s important discovery of the nitroso- 
chlorides, Wallach had in 1883 commenced a detailed study of 
the terpenes. On evidence which will be summarised in the sequel, 
he came to the conclusion that pinene contained only one ethy lenic 
linkage, since it gave with hydrogen chloride a monohydrochloridey 
the dihydrochloride being a secondary product. He regarded pinol 

CHjj 

CH 

I i II 

HaC.HO C CH 

\/\ 

CH^ CH3 

(I) 

and pinol hydrate (sobrerol) (Vol. i, p. 436) as primary oxidation 
products, and he emphasised the importance of a determination 
of their constitution for the elucidation of that of pinene. In two 
memoirs published in 1887,* he advanced the very important 
suggestion that the terpenes in general might be regarded as 
polymerisation products of the pentene, isoprene^ CgHg, and using 
this as the basis, he suggested three general formulae, (II) and 

(III) being representative of Tilden’s classes (i) and (ii), whilst 

(IV) represented the sesquiterpenes.* 

* Ber. 1873, 6, 439. t Ibid. 1878,11, 152, 1698. 

♦ Annaleny 1887, 888, 78. 

• It has been pointed out by Kondakov {J, pr. Chem. 1909 [ii], 80, 466) that 
Wallach was anticipated in his suggestion that pinene contained a para bond by 
Kanonnikov, who made similar suggestions in a pamphlet entitled, Vber einige 
Eigenschaften der Terpene und ihr Verhalten zu einandefy published in Kasan in 
1880. This pamphlet, which was written in the Russian language, was unfortunately 
overlooked by subsequent workers and exerted little influence on the development 
of terpene chemistry. 
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Wallach considered that the reactions of pinene were in accord 
with a substance of formula (II) but some years later* he modified 
it somewhat to (V); pinol was regarded as the unsaturated oxide 
(VI) and sobrerol as (VII), both being formed by the fission of 
the para bond. The evidence leading to these formulae has been 


discussed already (Vol. i, 

CH, 

p. 437 ). 
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This formula for pinene accounted for its hydration to terpin 
(VIII), which would pass readily into cineole (IX) and terpineol 
(X).^ An explanation was also afforded for the isomerisation of 
pinene to the monocyclic hydrocarbons, dipentene, terpinene and 
terpinolene, together with the oxidation of pinol to terpenylic 
and terebic acids. 

In reviewing the evidence which was available at the time, 
there seems to be adequate justification for the view expressed 


B&r. 1891, 24, 1552; AnnaUn, 1892, 268, 210. 

^ At the time of th^ experiments, revision of these ineorreot formulae for 
terpin, oineole, and terpineol had not been made. 
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by Wallach, that the constitution of pinene was firmly estab¬ 
lished, and the formula advocated received support from the 
observation of Briihl,’^ who deduced from a determination of its 
molecular refraction that the hydrocarbon contained only one 
ethylenic linkage. 

The modified formulae for pinene and sobrerol (XI) and (XII) 
suggested by Wagner^ in 1891 do not, as remarked by Wallach,* 
show any real advance, but they are of importance, since they 
led Wagner to devise experiments which later resulted in a 
solution of the problem of the constitution of pinene. 
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As mentioned previously (Vol. i, p. 437), piiiol was first 
obtained by Wallach and Otto * as a by-product in the preparation 
of pinene nitrosochloride. On treatment with bromine it yields 
a dibromide from which, by the action of lead hydroxide, pinol 


« AnndUn, 1886, 285, 66. 

< AnnaUn, 1892, 268, 210. 


+ Ber, 1891, 24, 218. 

< Ibid. 1889, 253, 249. 
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glycol can be prepared.’^ These reactions may be represented 
schematically: 

CioHie —- CioHieO ^ CioHi,0(OH)*. 

Both Wagner and Wallach regarded pinol as an oxidation 
product of pinene, whilst Wagner considered pinol glycol to be 
a direct oxidation product of pinol. This being the case, the glycol 
must be formed by the oxidation of an ethylenic linkage, 

—CH: CH-> —CHOH—CHOH—, since this reaction had 

been observed by Wagner to be general. He now drew attention 
to the somewhat remarkable fact that, whereas both pinene and 
pinol gave on oxidation terebic acid (XIV), pinol glycol gave 
terpenylic acid (XIII). 

It was known at the time from the synthetical investigations 
of Schryver ^ that Wallach’s suggestion* that terpenylic acid was 
the lactone of ^-i^opropylideneglutaric acid was correct, and 
that terebic acid was obviously the lower homologue. Wagner* 



OC—0 



now showed that if pinol was carefully oxidised with potassium 
permanganate it did actually give pinol glycol, a direct proof 
of the presence of an ethylenic linkage in pinol, and that 
on further oxidation terpenylic acid was obtained. Since the 
arrangement of eight of the ten carbon atoms in pinol glycol is 
thus established, it only remained to detennine the position of 

the group —(i.CHa. If the oxidation of pinol to pinol glycol and 

terpenylic acid proceeds without any molecular rearrangement, 
then obviously pinol can only have either formula (XV) or (XVI) 
and the glycol (XVII) or (XVIII). An inspection of these for¬ 
mulae shows that the degradation of either (XVII) or (XVIII) 


« WaUaoh, Annahn, 1890, 259, 311; 1892, 268, 222. 

+ J.G,8, 1893, 68, 1327. * Annalen, 1890, 259, 322. 

» Ber. 1894, 27, 1644. 
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would lead to terpenylic acid. These constitutional formulae for 
pinol and pinol glycol are supported by the experiments of 
Wagner and Ginzberg^ on the oxidation of pinol hydrate or, as 
it is usually called, sobrerol. Sobrerol was considered by Wallach 
to be the saturated oxide-alcohol (VII) (p. 108 ), whilst Wagner 
now regarded it as an unsaturated glycol, which might have 
either formula (XIX) or (XX), depending upon whether pinol 
was (XV) or (XVI). In the former case an erythritol (XXII) 
should result on careful oxidation, the formula (XX) being con¬ 
sidered improbable, since a substance possessing this constitution 
might be expected to show the properties of the tautomeric 
ketonic alcohol (XXI). 

Wagner and Ginzberg found that, on oxidation, sobrerol 
actually gave an erythritol, and it now became possible to account 
for the difference in properties between pinol and sobrerol, and 


* Ber. 1894 , 27 , 1644 ; 1896 , 29 , 1195 . 
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also to suggest a new formula for pinene (XXIII) which explained 
readily not only the formation of these substances but also its 
hydration to a-terpineol (XXIV) and the dehydration of this 
alcohol to dipentene (XXV). The various reactions which are 
involved are shown in the scheme on p. 113. 

Whilst these reactions w^ere aU very simply accounted for 
by Wagner’s formula for pinene, there was no direct evidence 
of the presence of the cj/c/obutane ring and, in view of its novelty, 
it is not remarkable that it did not at first meet with general 
approval. It was only firmly established after a series of re¬ 
markable investigations, which we owe to the genius of Bacyer,*^ 
and to a somewhat lesser extent to those of Tiemann and 
Semmler.^ Before, however, proceeding to a consideration of 
these, it will be convenient to describe here some other experi¬ 
ments of Wagner, which led him to suggest an alternative formula 
for pinene. 

By the oxidation of pinene with cold dilute potassium per¬ 
manganate solution (1 per cent.) Wagner* obtained a glycol,* 
CioHig(OH) 2 , which, when treated with dilute sulphuric acid, gave 
pinol. The conversion into pinol proceeded evidently by the 
hydration of the cycZobutane ring in the glycol with the formation 
of the menthane-triol (XXVI), which by loss of water passed 
into sobrerol and finally into pinol. The facility with which the 
glycol passed into pinol led Wagner to suggest the possibility that 
pinene might be represented by (XXIIIa), the reactions then 

♦ Ber, 1896, 29, 3, 326, 1907, 2776. 

t Ibid, 1896, 28, 1844; 1896, 29, 128, 629. * Ibid, 1894, 27, 2270. 

< Subsequent experiments (p. 146) have shown this glycol to be actually a 
derivative of )8>pinene, the existence of which was at the time unknown. This fact 
does not affect Wagner’s argument. 



C!H.m PINANE AND ITS DERIVATIVES 

CH, 




(XXIII) 


c 

/\ 

HOHC CH 
CHa 

Yh 

C.OH 

/\ 

H,C CH, 


CH, 

CH, 

1 

C 

1 

c 

/\ 

HaC CH 

/\ 

—HaO HaC CH 

1 1 

HaC CHa 

► 1 1 
HaC CHj 


Yh 

I 

1 

C.OH 


/\ 

HaC CHa 

HaC'^^Hj 

(XXIV) 

(XXV) 

CHa- 

CHa 

i.OH 

1 

CO 


HC—0 CH HC—O CHOH HC—O CO HC~0 COjH 


HsC^C.CH, 


\ 

H,C.C.CH3 


H:,(^C.CH, 


!Hg HgC 


CHg HaC 


/ \ / 


HX^C.CHa 


\ ./ 


CHa + OC-0 

io.COjH HjC.i.C 


OC-O CO,H 

H.G.(!).ChJ 


CO,H H,C 


STii 



114 


PINANE AND ITS DERIVATIVES 


proceeding in accordance with one of the two schemes set out 
below. 
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' The classical experiments of Baeyer, which must now be dis¬ 
cussed, showed beyond question that pinene could only be 
represented by (XXIII). At the time ( 1895 ) when Baeyer carried 
out these experiments, he had established the presence of a cyclo- 
propane ring in the dicyclic ketone, carone (p. 77 ), and it is not 
surprising, therefore, that the formula suggested by Wagner made 
a special appeal to him, the more especially so, since the early 
work on the synthesis of polymethylene derivatives had been 
carried out by Perkin in his laboratory.”^ Baeyer studied the 
acids which were formed by the oxidation^ of pinene with 
potassium permanganate, which he showed to consist mainly of 
(«) a ketonic monobasic acid, pinonic acid, CioH^gOg, and (6) a 
ketonic dibasic acid, pinoylformic acid, C10H14O5 . Pinonic acid 
was found to contain a CH3. CO— group, since, on treatment with 
sodium hypobromite, it passed quantitatively into bromoform 
and a dibasic acid, pinic acid, C0H44O4. The formation of an acid 
containing the group CH3.CO— could only be explained, in the 
absence of isomerisation, by the acceptance of formula (XXIII) 
for pinene, when pinonic acid would be (XXVII) and pinic acid 
(XXVIII). 

Direct evidence of the presence of the cycZobutane ring structure 
in pinonic and pinic acids was not readily obtained. Although, 
as will be seen from the experiments to be discussed, pinonic acid 
is unstable, pinic acid is remarkably stable and is obviously a 
cyclic acid. From the latter, by the action of bromine, bromopinic 
acid (XXIX) was prepared, which on digestion with barium 
hydroxide gave hydroxypinic acid (XXX). This acid was an 
a-hydroxy acid, since it gave on oxidation with lead peroxide a 
dibasic acid, norpinic acid (XXXI), which, like pinic acid, showed 
remarkable stability and resisted all further attempts at degrada¬ 
tion. Although it was not until many years later that synthetic 
proof of the correctness of Baeyer’s formula for norpinic acid was 
obtained (see p. 154 ), indirect evidence was supphed by a study 
of the properties of pinonic acid and pinoylformic acid. 

Baeyer found that when pinonic acid was treated with dilute 
mineral acids, ring fission occurred with formation of a ketonic 
lactone, homoterpenyl methyl ketone (XXXIII), a substance which 

♦ Compare Perkin, Pedler Lecture, J.C.S, 1929, p. 1347. 

^ A detailed discussion of this oxidation is deferred to p. 145. 

8-2 
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had already been prepared by Wallach* from a-terpineol (cf. 
Vol. I, p. 259). The instability of the c^/ciobutane ring in pinonic 
acid is evidently due to the tendency of the carbonyl group to 
enolise (XXXII), the conversion into the ketonic lactone then 
proceeding in accordance with the scheme shown. 

Pinoylformic acid resembled in its general properties pinonic 
acid,and Baeyer represented it by (XXXIV) (p. 118). It was 
characterised as a ketonic dibasic acid by the preparation of the 
phenylhydrazone, m.p. 192*5®, and was undoubtedly the a-ketonic 
dibasic acid corresponding to pinonic acid, since, on oxidation 
with lead peroxide, it passed into pinic acid (XXVIII). 

Like pinonic acid, and for the same reason, pinoylformic acid 
was readily converted into a lactone by ring fission, giving on 


♦ Ber. 1896, 28, 1776; Annalen, 1893, 276, 163. 
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treatment with dilute sulphuric acid homoterpenylformic acid 
(XXXV). The constitution of this acid was proved by its ready 
oxidation to homoterpenylic acid (XXXVI), m.p. lOO-lOF, syn¬ 
thesised many years later by Simonsen,* together with terjienyhc 
and terebic acids. 

During these experiments Baeyer separated from amongst the 
oxidation products of pinene a small quantity of an acid, which 
gave a sparingly soluble sodium salt. This acid, nopinic acid, was 
isomeric with pinonic acid, but was an a-hydroxy acid, since it 
gave on oxidation with lead peroxide a ketone, nopinone, C 9 H 14 O. 
Baeyer recognised that this acid could not be derived from the 
same hydrocarbon as pinonic acid and it was obvious that pinene 
was not homogeneous, but a mixture of two hydrocarbons, 


* J,C.8, 1907, 91, 190. 
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(i) QL-pinene, which had the Wagner formula (XXllI) and gave 
on oxidation pinonio acid, and (ii) ^-pinene giving on oxidation 
nopinio acid. This latter hydrocarbon was in all probability 
(XXXVII), having an exocyclic ethylenic linkage, when nopinic 
acid would be (XXXVIII) and nopinone (XXXIX). Subsequent 
experiments, which were carried out with a-pinene prepared 
from the nitrosochloride, confirmed this conclusion, since the 
hydrocarbon did not yield any nopinic acid.* 

Although Baeyer had apparently provided a rigid experimental 
proof of the correctness of Wagner's formula for a-pinene, some 
doubt appeared to be cast upon it by the contemporaneous 
experiments* of Tiemann and Semmler.^ In contradiction to 

♦ Baeyer suggested later an erroneous explanation to account for the formation 
of nopinic acid from a*pinene (of. p. 192). 

t The more important references to this work are given on p. 112. 
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Baeyer, these authors found that the ketonic acid, CioHigOg, 
which was formed by the oxidation of pinene,’^ was an oil which 
did not yield a dibasic acid and bromoform when treated with 
sodium hypobromite. 

This liquid acid they called pinonic acid and they suggested 
that Baeyer’s acid was an isomeric acid, which they designated 
a-pinonic acid. To obtain an insight into the constitution of 
pinonic acid Tiemann and Semmler investigated the products 
formed when it was oxidised with nitric acid, chromic acid and 
potassium permanganate in hot alkaline solution. With nitric 
acid only terebic acid was obtained, whilst with chromic acid a 
number of important degradation products were formed, the 
chief being (i) a ketonic dibasic acid, imketocamphoric acid, 
CioHieOs* identical with an acid prepared previously by Thiel ^ 
by the oxidation of oL-campholenic acid, (ii) a tribasic acid, isocam- 
phoronic acid, C 9 Hi 40 e , and (iii) terebic acid. From the oxidation 
with potassium permanganate they obtained (i) a tribasic acid, 
dimethyltricarballylic acid, CgH^gOe, (ii) a hydroxy dibasic acid, 
hydroxydimethylsuccinicacid, CgHioOg, and (iii) a lactonic dibasic 
acid, CgHigOg, the lactone of hydroxymocamphoronic acid, C9H14O7. 

These degradation products were considered by Tiemann and 
Semmler to indicate a very close structural relationship between 
pinene and camphor, a view which was supported by the claim* 


In all the experiments carried out during this period the pinene used was a 
mixture of a- and ^-pinenes of varying degrees of optical purity, 
t Ber, 1893, 26, 922. 

* Tiemann, Ber, 1896, 29, 3014. 
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that oL-campholenic acid could be converted through dihydroxy- 
dihydro-a-campholenic acid into pinonic acid. It had been sug¬ 
gested by Tiemann * that camphor was most probably represented 
by formula (XL), and he therefore advanced formula (XLI) for 
pinene, when pinonic acid would be the cyc/opentane acid (XLII). 
This formula would account also for its formation from a-cam- 
pholenic acid (XLIII), since this acid yields on oxidation the 
dihydroxy acid (XLIV), which would on distillation pass into 
pinonic acid (XLII). It is only recently that it has been shown^ 
that the substance obtained by Tiemann was not pinonic acid, 
but oL-campholonic acid, which does, in fact, have the structure 
(XLII). 



(XLI) 


(XLII) 


To account for the existence of Baeyer’s crystalhne pinonic 
acid for which they accepted the cyciobutane structure, Tiemann 
and Semmler* suggested that it was formed in accordance with 
the scheme set out on p. 121, when the hypothetical oxide (XLV) 
might pass either into a cyciopentane or cyciobutane ring. 

Shortly afterwards Tiemann and Semmler found that their 
liquid pinonic acid could be obtained crystalline and appeared to 
be identical with Baeyer’s acid. They concluded therefore that 
the cycZobutane acids, pinic and norpinic acids, were formed from 
pinonic acid by a molecular rearrangement. 

♦ Ber. 1896, 28, 1079. 

t Komppa and Beckmann, Ber. 1936,69,2783; Delepine, BuU. 8oc. chim. 1937 [v], 
4, 1U6. 

♦ Ber. 1896, 29,128. 
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It is necessary now to consider in greater detail the evidence, 
outlined above, upon which their cycfcpentane formula for 
pinonic acid was based. The oxidation with chromic acid to 
isoketocamphoric acid (XLVI) andisocamphoronic acid (XLVII) 
was considered to proceed in the following manner: 
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Since i^oketocamphoric acid, m.p. 129-130'5°, semicarbazone, 
m.p. 187®, oxime, m.p. 185-186®, was oxidised by sodium hypo- 
bromite to i^ocamphoronic acid,’*' it was of fundamental im¬ 
portance to determine the constitution of the latter acid, more 
especially since Baeyer formulated the reactions mentioned above 
in the following manner, i^oketocamphoric acid and i^ocam- 
phoronic acid being given the alternative formulae (XLVIII) 
and (XLIX) respectively; 
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If Baeyer’s formula for isocamphoronic acid was correct, it 
was difficult to explain the observation of Tiemann and Semmler 
that this acid, when treated with concentrated sulphuric acid, 
gave terpenylic acid and, on further oxidation with potassium 
permanganate, dimethyltricarballylic acid (L), two substances 
which are readily derivable from an acid having the formula 
(XLVII). 

The synthesis of i.socamphoronic acid by Perkin* furnished 
conclusive proof that this acid had the formula which had been 
given to it by Tiemann and Semmler. It may be mentioned that 
Perkin and Thorpe^ had previously prepared an acid having the 
constitution suggested by Baeyer, which had, however, pro¬ 
perties completely different from those of ^.^?ocamphoronic acid. 
It follows therefore that Tiemann and Semmler’s formula (XLVI) 
for «^soketocamphoric acid must also be correct. 
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Attention must be given to the products obtained from pinonic 
acid on oxidation with potassium permanganate (p. 119). Two of 
these afford little difficulty: the dimethyltricarballylic acid, m.p. 
149-151'^, anhydride, m.p. 145-146°, must be (L), since it is 
identical with the acid obtained by the oxidation of i^ocam- 


J.G,8i 1902, 81, 246. 


t Ibid. 1899, 76, 897. 
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phoronic acid, whilst the hydrozydimethylsuccinic acid must have 
formula (LI), since on reduction it yields si>s-dimethylsuccinic acid 
(LII). Before, however, proceeding to a consideration of the 
other acid which was obtained, namely the lactone of hydroxyko- 
camphoronic acid, m.p. 143-5”, it is necessary to refer to some 
experiments of Baeyer on the degradation of pinoylformic acid, 
which resulted in the preparation of an isomeric/actoe, m.p. 186”. 

When pinoylformic acid (XXXIV) is oxidised with sodium 
hypobromite, it gives a ketonic tribasic acid, a-ketokocamphoronic 
acid, C 9 H 12 O 7 , m.p. 186-187°, the reaction being formulated 
by Baeyer in accordance with the scheme given below, fission 
of the cyctobutane ring being assumed to occur with the inter¬ 
mediate formation of a diketonic acid. Oxidation of a-ketoi^o- 
camphoronic acid with lead peroxide gave dimethyltricarballylic 
acid (L) identical with the acid obtained by Tiemann and Semmler 
by the oxidation of pinonic acid with chromic acid. The constitu¬ 
tion of the tricarballylic acid was proved by Baeyer, who showed 
that on bromination it gave the lactone of hydroxydimethyltri- 
carballylic acid (LVI), which, on fusion with potassium hydroxide, 
yielded as-dimsthylsuccinic acid (LVII) and oxalic acid. 
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The reduction of a-ketoisocamphoronic acid (LIII) with sodium 
amalgam led to a hydroxy acid (LIV), which was isolated in the 
form of a lactone, m.p. 186 °, which Baeyer represented by (LV), 
since, on reduction with hydriodic acid, isocamphoronic acid 
(XLIX) was obtained. Now it has been proved by the synthetical 
experiments of Perkin that isocamphoronic acid cannot have the 
formula (XLIX), and it follows therefore that, unless a profound 
molecular rearrangement occurs on reduction of the lactone, it 
cannot have formula (LV). 

It was pointed out by Perkin and Thorpe’^ that a-ketoi^o- 
camphoronic acid must have formula (LVIII), the reaction 
investigated by Baeyer actually proceeding in accordance with 
the scheme: 



If this scheme be correct, and if the proof of the constitution 
of the lactonic acid discussed be regarded as established, the 
conversion of pinoylformic acid into a-ketoi^ocamphoronic acid 
involves a molecular rearrangement. A consideration of the 
formula of the hydroxy acid (LIX) formed by the reduction of 
oc-ketoi^ocamphoronic acid shows that the hydroxy group is in 
the y-position to two of the carboxyl groups and it can therefore 
give rise to two lactones (LX) and (LXI); further, both these 
lactones can exist in ci^-^miw-modifications. Confirmation of 
Perkin and Thorpe’s formula for Baeyer’s lactone has been 

♦ J.CM. 1913,108, 1761. 
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obtained from quite a different field of research. It was found by 
Aschan*^ that dehydrocamphenic acid (LXII) on oxidation with 
dilute nitric acid gave a lactonic acid, C9Hi20g, m.p. 256°. This 
lactone, when heated to 100° with sulphuric acid, isomerised to 
a lactonic acid, m.p. 185-186°, undoubtedly identical with 
Baeyer’s lactonic acid. The two acids, m.p. 256° and 185-186°, 
were regarded by Aschan as cis-transABomexides, the higher 
melting and less soluble acid being, according to convention, 
assigned the irrms-configuration.^ According to Lipp* the oxida¬ 
tion of dehydrocamphenic acid (LXII) proceeds in the following 
manner. On warming the unsaturated acid with dilute nitric acid 
it passes first into the isomeride (LXIII),® which being a )3:y- 
unsaturated acid gives the lactone (LXIV), which is then oxidised 
to the lactonic acid, m.p. 256° (LX). 
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Aschan showed that both lactonic acids (m.p. 256° and 185- 
186°) gave on reduction i^ocamphoronic acid, whilst on fusion 
with potassium hydroxide, formic, succinic and i^obutyric acids 
were obtained. This latter reaction Lipp regarded as a satisfactory 
proof of the constitution of the lactonic acids, fission occurring 
as indicated by the dotted lines. 

* Anncden, 1910, 375, 336; 1913, 398, 303. 

^ Since Aschan retained Baeyer's formula for i^ocamphoronic acid, which the 
synthetical investigations of Perkin have shown to be erroneous, the formulae 
suggested by him for the lactonic acids need not be considered. 

* Her. 1914, 47, 871. 

* This is analogous to the change of a-campholenic acid into ]3-campholenic acid 
(see p. 439). 
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It has, however, been pointed out by Perkin and Thorpe that, 
if the decomposition proceeds in a manner analogous to that of 
the lactone derived from hydroxydimethyltricarballylic acid 
(p. 124), these three acids should actually be formed from a 
lactonic acid having the structure (LXI), whilst that having 
formula (LX) might be expected to give either dimethyl or 
trimethylsuccinic acid. 
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Although the constitution of Baeyer’s lactonic acid cannot be 
regarded as rigidly proved, it is undoubtedly represented by 
either formula (LX) or (LXI), the latter, on the evidence at 
present available, being the more probable. If this conclusion 
be accepted, it follows, with a considerable degree of probability, 
that the isomeric lactonic acid, m.p. 143*5°, obtained by Tiemann 
and Semmler by the oxidation of pinonio acid with potassium 
permanganate (p. 119), must be either the cis- or ^m/^^-modifica- 
tion of (LX). 

The main analytical evidence bearing on the constitution of 
a-pinene has now been outlined, and it remains only to discuss 
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in how far it supports Wagner’s formula (XXIII) for this hydro¬ 
carbon. Whilst this formula is in complete accord with its 
hydration products, terpin and a-terpineol, and with its oxidation 
products, pinol and sobrerol, the main proof lies in the experi¬ 
mental investigations of Baeyer, and this proof would appear to 
be absolutely rigorous. There can be no doubt that norpinic acid 
is the c«/cZobutane acid (XXXI), since this has been estabhshed 
synthetically (p. 154). None of the reactions involved in the 
preparation of this acid is likely to cause any molecular rearrange¬ 
ment, and it seems justifiable to accept the presence of the 
cycZobutane ring in a-pinene (XXIII). 



(XXIIl) (XXXI) 


There are two*^ abnormal reactions to which reference has 
already been made, which may now be summarised. Firstly, 
there is the oxidation of pinonic acid to i,9oketocamphoric 
acid (XLVI). This change must be assumed to take place 
by a pinacolic rearrangement to give, as intermediate, the 
dihydroxy compound (LXV), which then undergoes a normal 
oxidation. Secondly, the conversion of pinoylformic acid 
(XXXIV) into a-ketot>ocamphoronic acid (LVIII) by the action 
of sodium hypochlorite probably proceeds in an analogous 
manner, the oxidation being in this case, however, more pro¬ 
found. The theory of these rearrangements is discussed later 
(p. 159). 

It has already been pointed out (p. 120) that the alleged formation of pinonic 
acid from a-campholenio acid is erroneous and that the oxidation of the latter acid 
is not abnormal. 
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It may be concluded that Wagner’s formula for a-pinene is 
established on a firm analytical basis; confirmation by synthesis 
has long been sought, but it is only recently that complete success 
has been achieved. An ingenious partial synthesis was carried 
out by Ruzicka and Trebler.*^ The starting-point was ethyl 
dZ-pinonate (LXVI) which, when condensed with ethyl chloro- 
acetate in the presence of sodium ethoxide, gave the glycidic ester 
(LXVII), b.p. 140-15070-1 mm., and from this, by hydrolysis, 
the acid (LXVIII), m.p. 128°, was prepared. When this acid was 
heated above its melting-point it gave homopinocamphoraldehyde 
(LXIX), b.p. 130-14070-3 mm., semicarbazone, m.p. 193-195°, 
and this aldehyde, on oxidation with potassium permanganate, 
was converted into homopinocarriphoric acid (LXX), an oil, the 
ethyl ester (LXXI) of which boiled at 130°/1 mm, 

♦ Hdv, Chm. Acta, 1920, 3, 766; 1921, 4, 066; 1924, 7, 489. 
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An attempt to convert homopinocamphoric acid into the 
dicyclic ketone by distillation of the lead salt was unsuccessful,’^ 
but, by the action of sodium on the ethyl ester in xylene solution, 
a ketonic ester was obtained, which on hydrolysis with dilute 
hydrochloric acid gave dl-pinocamphone^ (LXXII) identical in 
all respects with the ketone which had been previously prepared 
(see p. 226). 

The next stage in the synthesis involved a reduction of pino- 
camphoneoxime (LXXIII) topinommphylamine (LXXIV), a base 
described previously by Wallach* and by Tilden* (see p. 232). 
This base was converted by the usual methods into pinocamphyU 
trimethyUimmonium hydroxide (LXXV), which, on distillation 
under diminished pressure, gave a mixture of a hydrocarbon and 
pinocamphyldiraeihylamirie (LXXVI). The hydrocarbon so pre¬ 
pared was not pure a-pinene, but was a mixture of a-pinene 
(XXIII) and 8-pinene (LXXVII), a result which was to be 
anticipated from the method of preparation. a-Pinene was 
readily identified in the mixture by the preparation of pinene 
nitrosochloride, whilst, on oxidation, in addition to pinonic acid, 
pinocamphoric acid (LXXVIII), m.p. 186-187®, an acid originally 
prepared by Wallach" by the oxidation of pinocamphone, was 
obtained. Since both pinocamphone and pinonic acid have 
subsequently been synthesised (see pp. 148, 228), this amounts 
to a total synthesis of a-pinene. 

A partial synthesis of a-pinene had been described many years 
before by Tschugaev,’ who prepared the hydrocarbon by the 
distillation of methyl Vpinocamphylxarithate (LXXIX). In this 
case also, the hydrocarbon was undoubtedly a mixture of a- and 
S-pinenes, since Gildemeister and Kohler”^* have shown that on 
oxidation an acid, one of the optically active modifications 
of pinocamphoric acid (LXXVIII), m.p. 192®, is obtained. 
Reference is made later (p. 198) to the formation of a-pinene by 
the isomerisation of jS-pinene; it is also probably formed by the 
reduction of verbenene (see p. 220). 

♦ Compare Bonsdorff, Ber, 1911, 44, 3208. 

From ethyl /«pinonate Kuzioka and Trebler prepared a small quantity of 
{•pinocamphone, but this was not obtained pure. 

t Annalen, 1900, 813, 367. I J.C,8. 19Q6, 89, 1560. 

» Annalen, 1906, 346, 236. 5 J. Btiss. Phys, Chem, 8oc, 1907, 39, 1324. 

♦♦ WaUach Festschrift, 1909, p. 414. Compare p. 209. 
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a-Pinene can be characterised by the preparation of the 
nitrosochloride^ which usually melts at 103°, although higher 
melting-points have been recorded (see p. 179), The identity may 
be confirmed by conversion of the nitrosochloride into the nitrol- 
piperididCy m.p. 118-119°, or the nitrolbenzylamine, m.p. 122- 
123°. If the a-pinene has a high optical rotatory power, the 
crystaUine optically inactive nitrosochloride may fail to separate, 
for reasons which are discussed on p. 179. In such cases the 
presence of the hydrocarbon can be established by its oxidation 
with potassium permanganate to pinonic acid. 

Since a-pinene contains two asymmetric carbon atoms, the 
hydrocarbon, as separated from the various essential oils, shows 
marked variations in its optical power and the preparation of the 
optically pure terpene free from isomerides is a matter of con¬ 
siderable difliculty. The configuration of the a-pinene molecule 
is such that only one relatively unstrained structure is likely to 
exist, and it is therefore not surprising that no evidence of the 
existence of geometrical isomerides has been obtained.* Fuguitt, 
Stallcup and Hawkins,^ by highly efficient fractional distillation, 
have obtained a-pinene free from the jS-isomer, and give the 
following constants: b.p. 52*2°/20mm., dfr 0*8542, 1*4631, 

—3*83° (from gum turpentine), 4-34*07° (from wood 
turpentine). According to Dupont and Desalbres* fractional 
crystallisation at a low temperature, —75°, has no advantage 
over fractional distillation as a method of purification, although 
the velocity of crystallisation serves as a good standard of purity. 
Darjnois* has found the pure d- and Z-forms to melt at —50°, 
whilst they boil at 156°/760 mm., Dupont and Desalbres giving 
the following constants for the two forms: d-a-pinene, d}^^ 0*8620, 
1*4650, [a]j) -f 48*85°, velocity of crystallisation at —75°, 
34 mm. per minute; Z-a-pinene, d^^“ 0*8620, 1*4649, [a]^^ 

— 46*65°, velocity of crystallisation at —75°, 16*3 mm. per 
minute. It is not improbable, although higher rotatory powers 
have been recorded, that these two specimens were nearly 
optically pure. This view is supported by the observations of 

The suggested presence of an isomeric form of d-a>pinene in Port Orford cedar- 
wood oil (Thurber and Roll, Jnd, Eng. Chem. 1927, 19, 739) is unsupported by 
adequate experimental evidence. 

t J. Amer. C.S. 1942, 64, 297S. » Bull Soc. chim. 1923 [iv], 33, 1252. 

< Compt, rend. 1909,149, 732. 
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Darmois,* who has shown that it is possible to estimate with a 
high degree of accuracy the percentage of d>a-pinene in admixture 
with Z-a-pinene by a determination of the rotatory dispersion. 
d- and Z-a-Pinenes of high purity have been prepared by Lynn^ 
and by Thurber and Thielke* by decomposition of the optically 
active nitrosochlorides (p. 180), the observed rotatory powers 
being + 51*14'^ and — 51-28°. Briggs and Taylor* have 
recorded a rotation of [a]|f4- 53-0° for natural d-a-pinene. 

tZZ-a-Pinene can be readily obtained in a state of purity and 
free from j8-pinene by the decomposition of pinene nitrosochloride 
with aniline, a reaction discovered by Wallach" (see p. 180), who 
observed the following values for the hydrocarbon ])urified in 
this manner: b.p. 155-156°, 0*858, W/)** 1*4655. There is no 

evidence that dZ-a-pinene is a racemic compound.^ The molecular 
refraction of a-pinene, 43*86, shows a slight exaltation over the 
calculated value, 43*54, but as has been pointed out by Ostling,^’*' 
the conjugation of an ethylenic linkage with the cycZobutane ring 
shows no special effect. The absorption spectrum of a-pinene in 
the ultra-violet has been found by Hantzsch to resemble that of 
limonene,^^ whilst the rotatory dispersion has been investigated 
by several workers.The Raman spectrum has been studied by 
Kastler** and by Bonino and Cella.'"‘ According to Roth and 
Ostling*^*^ the heat of combustion of a-pinene is 1480*7 kg.-cals. 

The effect of high temperatures on a-pinene’^** under various 
conditions has been studied by a number of investigators. 
Berthelot^^^ found that when the hydrocarbon was heated under 
pressure at 250-270° dipentene was formed. By passing the 

* OompL rend. 1909, 149, 730; cf. Parisellc, Anri,. Chun. 1923 [ix], 19, 130. 
t J. Amer. C.S. 1919, 41, 361. » Ibid. 1931, 53, 1030. 

« ./. Org. Chem. 1947, 12, 551. )' Annalen, 1890, 258, 344. 

5 Mitchell and Smith, J.C.S. 1913,103, 492. 

J.C.S. 1912, 101, 457. Ber. 1912, 45, 553. 

Servant, Compt. rend. 1932,194, 368; Padmanabhan and Jatkar, J. Armr. C.S. 
1935, 57, 334; J. Ind. C.S. 1935,12, 518; Rule and Chambers, J.C.S. 1937, p. 151; 
compare Darmois, he. cit. 

Compt. rend. 1930,191, 565; compare Daure, ibid. 1934,198, 725. 

Nature, 1930,126, 915; Chem. Zentr. 1937, i, 1917. 

55 Ber. 1913, 46, 323; compare Auwers, Roth and Eisenlohr, Annalen, 1910, 378, 
273; 1911, 385, 107. 

In most of the early experiments carried out with pinene a mixture of a- and 
)3-pinenes was used, but since j3-pinene isomerises readily to a-pinene this factor is 
probably of little importance. 

t+t Ann. Ghim. 1863 [iii], 37, 223; 39, 9; compare Wallach, Annakn, 1885, 227, 
282. 
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vapour through a heated iron tube Tilden^ obtained isoprene, 
P“Cymene, benzene, toluene and m-xylene, whilst Schultz^ 
working at a higher temperature obtained, in addition to the 
benzenoid hydrocarbons, naphthalene, anthracene, methylan- 
thracene and phenanthrene. These early experiments have been 
confirmed by Sabatier, Maihle and Gaudion,* who have found 
that aromatic hydrocarbons are obtained in varying yields, 
depending upon the temperature, when the terpene is vaporised 
over copper, nickel, cobalt and iron catalysts. Semmler and 
Jonas* have prepared a diterpene, b.p. I 7 O-I 8 O 71 O mm., 
0*8892, Ujy 1*5162, by heating a-pinene to 270°, whilst, when 
treated in admixture with isoprene by a concentrated solution 
of sulphuric acid in acetic acid, a sesquiterpene, b.p. 135- 
137°/16 mm., 0*891, 1*5014, is obtained. 

The isomerisation of a-pinene to dipentene occurs at com¬ 
paratively low temperatures. It was suggested by Smith" that 
a-pinene was slowly racemised when heated at 184° or 237° and 
that the reaction was monomolecular. This interpretation of the 
results, based mainly on polarimetrio readings, has however been 
shown to be incorrect, the racemisation being accompanied by 
conversion of a-pinene into dipentene.’ 

The thermal isomerisation of a-pinene in both the liquid and 
vapour phase, particularly over copper and other catalysts, has 
been extensively investigated in recent years,'*’*' and it has been 
shown that the main primary products are dipentene (XXV) 
and allo-ocimewe (LXXX) ; under favourable conditions the yield 
of the latter amounts to 50 per cent. Considerable quantities of 
(f.-'pyronene (LXXXI), b.p. 43°/ll mm., [aJ^j -f 17° (maleic anhy¬ 
dride adduct, m.p. 91°) and p-pyronene (LXXXII), b.p. 48- 
50°/8 mm., [ajj? -f 4*5° (maleic anhydride m.p. 163-164°), 

may also be formed by further isomerisation of the aZfo-ocimene. 

♦ J,C,S. 1884, 46, 411. t Ber, 1877,10, 114. 

* Compt. rend. 1919,168, 926. * Ber. 1914, 47, 2078. 

» J. Amer. C.8. 1927, 49, 43. Compare Thurber and Roll, ibid. 1930, 52, 786. 

5 Oonant and Carlson, J. Amer. C.S. 1929, 51, 3466; Savich and Ooldblatt, ibid. 
1945, 67, 2027; Fuguitt and Hawkins, ibid. 1947, 69, 319. 

U.S.P. 2,326,422; Arbusov, Ber. 1934, 67, 663; Chem. Zentr. 1937, i, 4939; 
Dupont and Dulou, Compt. rend. 1936, 201, 219; Brit. Abatr. A, 1940, u, 182; 
Charlton and Day, Ind. Eng. Chem. 1937, 29, 92; Ooldblatt and Palkin, J. Amer. 
C.S. 1941,63,3517; Fuguitt and Hawkins, ibid. 1947,69,319; Sayich and Gk)ldblatt, 
ibid. 1945,67,2027; Nikitin, J. Qen. Chem. R%aa. 1946,16,1475; Swan, Ind. Chemist, 
1948, 24, 141. 
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The direct conversion of a-pinene into camphene, in 70 per 
cent, yield, by refluxing the hydrocarbon over a clay catalyst, 
has been claimed by Tischenko and RudakofF.* 

Unlike dipentene, a-pinene yields little isoprene when passed 
over a heated platinum spiral.^ When subjected to the arc 
discharge it gives a mixture of isoprene, acetylene and ethylene 
with the deposition of much carbon.* 

The action of reducing agents on a-pinene has been investi¬ 
gated very thoroughly. In the early experiments which were 
made by Berthelot* hydriodic acid was used as the reducing 
agent, whilst Baeyer" used phosphonium iodide. In both these 
experiments the reaction was carried out at high temperatures 

J. AppL Chem. Russ, 1933, 6, 691; compare Amer. Ghem, Abstr. 1946, 40, 6776. 

^ Harries and Gottlob, AnnaUn^ 1911, 883, 166, 229; Staudinger and Klever, 
Rtf, 1911 44 2213. 

* Urbain and Seal, Compt, rend, 1919,168, 887. 

• BtiU, Soc, chim, 1869 [ii], 11, 19. 


II Annalen, 1870, 166, 271. 
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(270-315''), so that the pinene molecule underwent complete 
isomerisation. The main product was a hydrocarbon, CioHao, 
b.p. about 160°, which probably consisted essentially of p- 
menthane. Alkaline reducing agents, such as sodamide,’^ have 
no action on a-pinene. The catalytic hydrogenation of a-pinene 
to the saturated hydrocarbon, pinane, has been discussed in 
detail on p. 100. Whilst pinane is the normal product obtained 
by the catalytic hydrogenation of a-pinene, isomerisation to 
dipentene prior to reduction may also occur under certain con¬ 
ditions. Thus Ipatiev^ , working under high pressure, apparently 
obtained mainly ^-merithane. Zelinski* has achieved a simul¬ 
taneous hydrogenation and dehydrogenation by passing the 
terpene over heated palladinised asbestos in a current of carbon 
dioxide, when a mixture of p-cymene and pinane is formed. 
Dehydrogenation occurs also by distillation over platinum black 
in a current of carbon dioxide at 300°.* 

Oxidation of a-Pinene 

It was early observed that when oil of turpentine was exposed 
to the air, either in the presence or absence of moisture, the liquid 
gradually became viscid and, even if water was originally absent 
or was excluded, drops of water gradually made their appearance. 
The oxidation of pinene by air (or oxygen) was first studied 
systematically by Schonbein." He considered the oxidation to 
proceed in two stages, the addition of oxygen to the hydrocarbon 
being followed by the liberation of ozone, which was the actual 
oxidising agent. This view was controverted by Berthelot^ and 
by Houzeau,"^* who considered the active oxidising agent to be 
hydrogen peroxide, a view which was shared by Kingzett,^^ who 
studied the oxidation of a-pinene by oxygen both in the presence 
and absence of water. He identified formic, acetic and camphoric 
acids amongst the acids which were formed. The investigations 

* Ijebeau and Picon, Gompt. rend. 1914,169, 72. 

+ Ber. 1910, 43, 3392, 3648. 

* Ibid, 1925, 58, 864; see also Linstead, Michaelis and Thomas, J.C.S. 1940, 
p. 1139. 

* Zelinski and Lewina, Annalm, 1929, 476, 68. 

II J. pr. Chem. 1861, 52, 136, 186; 53, 66; 64, 74; 1866, 66, 272; 1868, 75, 80; 
AnruUen, 1867,102, 133. 

5 Ann. Chim. 1860 fiii], 58, 426. Gompt. rend. 1860, 60, 829. 

tt Inter at., J.C.S. 1874, 27, 611; 1876, 28, 210; J.S.G.I. 1910, 29, 791; 1912, 31, 
266. 
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of Engler and his collaborators* have thrown much light on the 
mechanism of this oxidation. According to Engler the first 
product of the oxidation is a peroxide, CjoHigOg. This substance 
is only formed very slowly at 0°, the velocity of the reaction 
gradually increasing up to 100*^, when the rate diminishes, and 
decomposition occurs at 160°. This peroxide, which may be 
identical with that described by Susuki (see p. 139), is quite stable 
in the dark, but it liberates iodine from a solution of potassium 
iodide, there being one atom of available oxygen per molecule. 
On exy)osure to light the peroxide is unstable, oxygen being 
liberated and, according to Engler, it is this “nascent” oxygen 
which is the active oxidising agent. Lombard^ has isolated a 
j)olymer, in 53 per cent, yield, by aeration of a-pinene for a 
month; this product is broken down on acid hydrolysis to give 
2 >“Cymenc, terpinolene, and pinol. The autoxidation of a-pinene 
can be readily inhibited by the addition of anti-catalysts, and 
Rau* has shown that in the presence of 0*001 per cent, of pyro- 
gallol no oxidation occurs over a period of sixty-two days. 

Although it is difficult to separate the primary products of the 
autoxidation of a-pinene in the absence of water, those formed 
in the presence of water and more especially in sunlight can be 
readily isolated. From amongst these the substance sobrerol was 
early recognised. It was probably first obtained pure by 
Margueron^ and its composition, CioHigOg, was determined by 
Blanchet and Sell." It was, however, for a long time confused 
with terpin hydrate and was first fully characterised by Sobrero,^ 
who found that it melted at 150°. Later Armstrong** and Arm¬ 
strong and Pope^^ showed that, whilst this was the melting-point 
of the two optically active forms {[a]^ ± 150°), the c?Z-form melted 
at 130-131*5°. It was suggested by Armstrong that sobrerol was 
a glycol, but its constitution was first established as the outcome 
of the investigations of VS/'allach on the oxide, pinol (Vol. i, 
p. 436), which is formed from sobrerol by the action of dilute 
mineral acids. Wallach showed that pinol was represented by 

* Engler and Weissberg, tJher die Autoxidation (1904). See also Dupont, Bull, 
Soc. chim. 1948, p. 838. 

BvU. Soc. chim. 1947, p. 251. * Ind. For. Bee. 1924,11, 199 

» Ann. CUm. 1797, 21, 174. « Annakn, 1832, 6, 267. 

1 Ibid. 1861, 80, 107; Compt. rend. 1851, 38, 106. 

•* J.C.8. 1891, 69, 311. » Ibid. p. 315. 
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(XV), sobrerol being the corresponding unsaturated glycol 
(XIX). 
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This formula for sobrerol was confirmed by the experiments of 
Wagner* and Ginzberg,^ who showed that on oxidation with 
potassium permanganate p-men^Aarj^e-l: 2:6: S4etrol (XXII), m.p. 
155«5~156°, was formed, which on further oxidation gave ter- 
penylic and terebic acids, whilst Wallach* obtained by oxidation 
with chromic acid hydroxycarvotanacetone (LXXXIII), from the 
oxime of which, by the action of dilute sulphuric acid, carvone 
(LXXXIV) was prepared. Ward* has shown that di-sobrerol may 
be obtained by the action of lead tetra-acetate on a-pinene. 

In 1913 Blumann and Zeitschel" made an interesting addition 
to our knowledge of the products of the autoxidation of oil of 
turpentine. It had been observed by SchifF^ that oil of turpentine 


Ber. 1894, 27, 1644, 2270. + Ibid, 1896, 29, 1195. 

* Anndlm, 1896, 291, 365. » Amer, C,S. 1938, 60, 326. * 

« Ber. 1913, 46, 1178. 

9 Ibid, 1883,16, 2010; Chem,-Ztg, 1896, 20, 361. 
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which had been exposed to the air gave reactions indicating the 
presence of an aldehyde. This substance Blumann and Zeitschel 
succeeded in isolating and found that it was not an aldehyde,* 
but a dicyclic ketone, verbenone (LXXXV), the chemistry of 
which is discussed on p. 232. The corresi)onding secondary 
alcohol, verbenol (LXXXVI), was also shown to be present. It 
is of interest to note that, in the formation of this ketone, the 
ethylenic linkage has escaped oxidation; the reaction is therefore 
an example of a-methylenic oxidation. 

Wienhaus and Schumm^ have shown that the autoxidation of 
a-pinene to verbenone and verbenol proceeds very much more 
rapidly in the presence of catalysts such as osmium; an inter¬ 
mediate perraide, 0-9810, nfj* 1-4885, probably (LXXXVII), 
has been described by Susuki^ which may be identical with that 
of Engler (p. 137). According to Willstatter and Sonnenfeld,* 
a-pinene reacts with oxygen in the presence of phosphorus to 
give a crystalline phosphorate, which probably has the composi¬ 
tion C 10 H 16 P 2 O 2 , but analysis was not possible, since it decom¬ 
posed immediately on exposure to the air. 



(LXXXV) (LXXXVI) (LXXXVII) 


Oxidation of a-pinene with selenium dioxide also results in 
an attack on a position a to the ethylenic linkage, but contrary 
to earlier conclusions" it has been shown by Dupont and 

* See, however, p. 224. + Annalm, 1924, 489, 31. 

* BvU, Inst, Phys, Ghem, Res, Japan, 1936,16, 70. 

» Ber, 1914, 47, 2811. 

Schwenk and IBorgwardt, Ber, 1932,65,1601; Dupont, Allard and Dulou, BvU, 
Soc, chim, 1933 [iv], 58, 599. 
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Zacharewicz*^ that the product is not verbenone, but myrtenal 
(LXXXVIII), oxidation having occurred on the methyl rather 
than on the methylene group. Using a deficiency of selenium 
dioxide it is possible also to isolate myrtenol (LXXXIX), which 
is therefore the primary product of the oxidation. These authors 
consider that under certain conditions the autoxidation of a- 
pinene may produce appreciable amounts of myrtenal, and 
suggest that the earlier opinion on the selenium dioxide reaction 
was erroneous owing to the use, for comparative purposes, of 
‘‘verbenone” which contained a quantity of the aldehyde. 


CHO CHaOH 



(LXXXVIII) (LXXXIX) 


The ozonolysis of a-pinene has been investigated by Harries 
and his collaborators. Harries and Neresheimer^ obtained a 
liquid ozonide, CJ 0 H 16 O 4 , but later Harries and Seitz* found that 
with purified ozone a solid normal ozonide, CioHjgOg, is obtained. 
Either ozonide on decomposition in aqueous solution was said to 
give pinonic acid, but this is questioned by Spencer, Weaver, 
Oberright, Sykes, Barney and Elder,* who have pointed out an 
arithmetical error in the analytical figures given by Harries. These 
workers conclude, from an investigation of the ozonisation of 
a-pinene in the vapour phase, that a-methylenic oxidation occurs, 
to give either verbenone oxozonide (XC) or verbenone peroxide 
ozonide (XCI), since on decomposition of the product, pinononic 
acid (XCII) is obtained. 

♦ CompU rend, 1934,198, 1699; 1935, 200, 769; Chem, Zentr, 1936, n, 2384. 

+ Ber, 1908, 41, 38. » Annalm, 1916, 410, 22. 

* J. Org. Chem, 1940, 6. 610. 
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Prileschaev’^ examined the action of perbenzoic acid on Z-a- 
pinene, which he found to behave normally, yielding hpineyie 
oxide (XCIII), b.p. 102-103750 mm., 0*9689, 1*4708, 

[a]j) —92®. On hydration with dilute acids ring fission occurs 
with formation of sobrerol (XV). Nametkin and Jaceva^ have 
since shown the primary hydration product to be pinol (XIX), 
since if pinene oxide is heated with water at 115-120® pinol is 
obtained. The conversion of pinene oxide into j)inol is only the 
change of an a- into a y-oxide. With methyl magnesium iodide, 
a-pinene oxide gives methylcampholenol (XCV),* probably derived 
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* J5er. 1909, 42, 4814; compare Priloschaev and Verschuk, J, Russ. Phys, Chem. 
Soc. 1929, 61, 476; Arbusov and Miohaelov, J. pr, Chem. 1930 [ii], 127, 1; Belaby 
and Billuart, Bull. 80 c. chim. 1943 [v], 10, 667. 

t J. Ru 88 . Phys. Chem. 80 c. 1924, 56, 621. 

♦ Bitter and Bussell, J. Amer. C. 8 . 1936, 68, 291. 
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by reaction of the reagent on campholenic aldehyde (XCIV), since 
it has been shown* that the oxide may be rearranged to give the 
aldehyde by treatment with anhydrous metallic halides. For the 
same reason, derivatives of the aldehyde are obtained when the 
Reformatsky reaction is carried out on the oxide. 

In view of the early theories that hydrogen peroxide was 
involved in the autoxidation of a-pinene, peculiar interest 
attaches to the investigation by Henderson and Sutherland^ of 
the action of this reagent on a-pinene in acetic acid solution. The 
oxidation proceeds in a complicated manner, both hydration and 
molecular rearrangement occurring, the main products isolated 
being dipentene, a-terpineol, 2 ?-menthane-l:4:8-triol, borneol 
and a small quantity of an aldehyde, CioHjgO, identical with that 
obtained by Henderson and Gray* by the oxidation of a-pinene 
with chromyl chloride (see below). Of these products the only 
one to which special attention need be directed is bomeol. The 
formation of this substance, like that of woketocamphoric acid 
by the oxidation of pinonic acid (p. 127), involves a molecular 
rearrangement. Discussion of the mechanism of this reaction is 
deferred (see p. 159). 

The oxidation of a-pinene with mercuric acetate in aqueous 
solution was first investigated by Balbiano* who obtained a 
hydroxy-ketone, C^QH^eOa, which he considered to have formula 
(XCVI), since, on treatment with dilute sulphuric acid, it gave 

* Arbusov, Ber, 1936, 68, 1430; Chem, ZerUr, 1939, n, 1079. 

t J,C.S. 1912,101, 2288. t Jbid. 1903, 88,-1299. 

» Ber, 1902, 86, 2994; 1903, 86, 3675. 
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carvacrol (XCVII), and, on further oxidation with potassium 
permanganate, terpenylic acid (XIII). A more thorough examina¬ 
tion of the products of this reaction was made by Henderson and 
Agnew* and by Henderson and Eastburn,^ who found that the 
primary product of the oxidation was sobrerol (XIX), which is 
converted by the further action of mercuric acetate into the 
hydroxy-ketone described by Balbiano. The constitution of the 
ketone is not, however, that suggested by Balbiano. Henderson 
and Agnew proved the ketone to be identical with that prepared 
by Wallach* by the oxidation of sobrerol with chromic acid 
(p. 138), namely S-hydroxycarvotanacetom (LXXXIII). 
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It is of interest to note that Henderson and Eastburn found 
the sobrerol formed in this oxidation to be optically inactive, 
although the a-pinene oxidised had a high rotatory power. 
Balbiano* has suggested the use of mercuric acetate for the 

J.G,8. 1909, 95, 289. t ibid, p. 1466. 

* Annalen, 1896, 291, 342. • Ber, 1916, 48, 396. 
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quantitative estimation of a-pinene, but, in view of the great 
ease with which this reagent reacts with other terpenes, the 
method would appear to be of doubtful value. 

The oxidation of a-pinene with chromic acid was found by 
Fittig and KrafFt* to lead to very profound degradation, ter- 
penylic (XIII) and terebic (XIV) acids being formed. The con¬ 
stitution of both these acids has been determined by several 
independent syntheses.^ By the use of milder conditions Treibs 
and Schmidt* were able to obtain verbenone and verbenol by the 
action of this reagent, the reactions being analogous to those 
occurring in autoxidation. 

Of greater interest are the products which are formed when 
a-pinene is treated with chromyl chloride. The action of this 
reagent on the terpene was first investigated by fitard,® who 
found that a vigorous reaction occurred, and he succeeded in 
isolating, as one of the products, an aldehyde, CioHj^O, b.p. 
205-207^/760 mm. In a renewed study of this reaction 
Henderson, Gray and Smith “ found that when chromyl chloride 
was allowed to react with the hydrocarbon in carbon disulphide 
solution a compound of the composition CioH^g, 2 Cr 02 Cl 2 was 
formed, which, on decomposition with water, gave (i) a saturated 
aldehyde, CjoHieO, m.p. 33®, b.p. 205~207®/765 mm., semicar- 
bazone, m.p. 191°; (ii) an unsaturated ketone, C 9 H 14 O, b.p. 206- 
207°/774 mm., d^^'’ 0*9678, 1-477, semicarbazone, m.p. 226- 

228°; and (hi) a chlorinated substance, CjoHigOCl, m.p. 168°. The 
constitution of these substances was not determined, but it is 
extremely improbable that they contain the pinene nucleus and 
they may be derivatives of camphane. 

Since the early experiments of Bromeis’ on the oxidation of 
a-pinene with nitric acid, the action of this reagent on the terpene 
has formed the subject of an extensive series of investigations.’^* 

* Annalen, 1881,208, 71. 

+ Inter, ah, Blaise, Compt. rend, 1898,126, 349; Sohryver, J,C,S, 1893, 68, 1332; 
Lawrence, ibid, 1899,75, 531; Simonsen, ibid, 1907,91,184. ♦ Ber, 1928,61,469. 

* Ann, Chim, 1881 [v], 22, 218; CompL rend, 1893,116, 434. 

•• J,C,S, 1903, 88, 1299; compare Henderson and Smith, ibid, 1889, 66 , 45; 
Henderson and Heilbron, ibid, 1908, 98, 288. 

5 Annalen, 1841, 87, 297. 

Inter al,, Rabourdhi, ibid, 1844, 62,391; Cailliot, Ann, Chim, 1847 [iii], 21, 27; 
Hofmainn, Anndlen, 1866, 97, 209; Svanberg and Ekman, J. pr. Ghem, 1856 [i], 66, 
219; Williams, Ber, 1873, 6, 1094; Schreder, Annalen, 1874/172, 101; Fittig and 
Bredt, ibid, 1881, 208, 37; Roser, Ber, 1882,16, 293. 
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The main products which are formed are terpenylic (XIII), 
terebic (XIV),^-toluic (XCVIII) and terephthalic (XCIX) acids. 
The formation of these acids is readily explained if we assume 
that fission of the c^cZobutane ring first occurs yielding sobrerol 
(XIX); the glycol is then either oxidised directly to terpenylic and 
terebic acids or passes into p-cymene (C), which is then oxidised 
to jo-toluic and terephthalic acids. 
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Although reference has been made already in discussing the 
constitution of a-pinene to some of the products obtained by 
oxidation with potassium permanganate, it is necessary, in view 
of its importance, to consider the reaction in greater detail. 

Assuming the oxidation to proceed normally, the primary 
product should be the glycol (Cl). In his early experiments, 
Wagner"^ obtained a substance, b.p. 145~147°/14 mm., which 
appeared to be pinene glycol. The oil was, however, undoubtedly 


s xii 


* Ber. 1888, 21, 1236; 1890, 23, 2318; 1894, 27, 1644, 2270. 
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a mixture, since it deposited crystals, m.p. 76-78°, which is the 
melting-point of the glycol (CII) derived from j3-pinene (see 
p. 201). It must be remembered that, at the time of these experi¬ 
ments, ‘‘pinene’* was assumed to be homogeneous. Wagner’s 
glycol must therefore be regarded as a mixture of the two glycols 
(Cl) and (CII), in which the former probably predominated. On 
dehydration, it was converted into pinol, together with other 
substances not investigated in detail. It has only recently been 
shownthat with neutral permanganate it is possible to obtain 
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^ Slawinski, Chem* Zentr. 1932, i, 1091; Kuwata, Japan, 1936,39, 394b; 

1937, 40, 11b; ]>el4piiie, Horeau and Grandpernn-Harispe, Ann, Chim. 1^3 [xi], 
18, 260* The conversion of the hydroxy-ketone (CHI) into pinocamphone has been 
effected by DeUpine and Badoehe {ibid. 1948 [xii], 3, 573). 
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the true oL-pinene glycol (Cl) in crystalline form, m.p. 56-57°, 
accompanied by a ketol, hhydroxypinocamphone (CIII), m.p. 36° 
(dZ-, m.p. 39°). Reduction of the ketol gives a pinene glycol, m.p. 
155-160°, which is probably a stereoisomer of (Cl). Hydroxy- 
pinocamphone is oxidised further only very slowly under the 
same conditions to give a small yield of i>inononic acid 
(XCII), thus confirming an earlier observation of Wagner and 
Ertschikowski,^ but with acid permanganate it is rapidly con¬ 
verted inta pinonic acid (XXVII). 

dZ-Pinonic acid, m.p. 103-104°, b.p. 168°/12 mm., can be pre¬ 
pared in excellent yield if dZ-pinene is oxidised under the con¬ 
ditions described by Dupont.^ By the oxidation of d- and 
Z-a-pinenes the optically active pinonic acids can be prepared.* 
These were probably first obtained pure by Barbier and Grignard * 
and melt at 68-69°, [ajj^ -f-95*0° (in chloroform solution). The 
liquid product, which always accompanies the solid acid when it 
is prepared by oxidation of a-pinene, is probably a mixture of 
the cis- and Zm^i^-modifications." It has always been assumed 
that the crystalline material is the ct^-isomer, since on oxidation 
it gives a pinic acid from which a ci^-norpinic acid may be 
obtained, but it has recently been shown that the pinic acid thus 
formed is probably the trans-fovm (see p. 152), and it is therefore 
not unlikely that the crystalline pinonic acids, described above, 
also have the Zrarw-configuration.^ Del6pine’^* has investigated 
the mutarotation which occurs when the acid is treated with 
alkali, and has shown that this is due not to racemisation but to 
interconversion of the cis- (XXVII a) and trans- (XXVII b) 
forms, which probably occurs through the intermediate enol 
(XXVII c). 

* Ber, 1896, 29, 881. 

+ Ann. CUm. 1923 [ix], 19, 186. 

» The so-called ^pmonic acid, m.p. 98-99°, [a]/) -21-2°, described by Tiemann 
{Ber. 1896, 29, 3015), has now been shown to be a-campholonic acid (see p. 120). 

* BvU. 8oc. chim. 1910 [iv], 7, 548; compare Gildemeister and Kohler, WaUach 
Festschrifts p. 426. 

•• Perkin and Simonson, J.C.8. 1909, 96, 1176. 

9 cis-Ring fusion must occur in pinene itself and it has been argued that the 
pinonic acid formed must also have the cis-con6guration (XXVIla), but since the 
product is never stereochemically homogeneous, this deduction is obviously 
unsound. 

** BvU. 8oc. chim. 1936 [v], 3,1369; BuU. Inst. Pin, 1936 [iii], 174. In this paper, 
the cis-structure is assumed for the solid acid, but, for the reasons mentioned above, 
this is probably erroneous. 
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Pinonic acid can be identified by the preparation of the 
characteristic semicarbazone, described originally by Tiemann 
and Kerschbaum,’^ d- and Z-forms, m.p. 204°, dl-, m.p. 206-207°. 
From the optically active acids two isomeric oximes have been 
prepared.^ The lower melting form, known as the jS-oxime, is 
derived from the solid ^ran^-acid, and melts at 128°, whilst the 
more sparingly soluble y-oxime, m.p. 190-191°, is derived from 
the liquid cis-acid. The di-j3-oxime melts at 150°. 

The synthesis of pinonic acid has recently been accomplished 
by Rao.* For this puryiose it was necessary to prepare a derivative 
of pinic acid in which the primary carboxyl group was protected, 
whilst the secondary was free. Partial esterification of synthetic 
pinic acid was unsuccessful, and partial saponification of the 
di-ester gave only the half-ester (CIV), but this was converted 
via its acid chloride into the diphenylamide (CV), which on treat¬ 
ment with sulphuric acid lost only the ester group to give the 
acid (CVI). This was converted, by reaction of its acid chloride 
with cadmium methyl chloride, into dl-tvans-pinondiphenylamide 
(CVII). Removal of the protective grouping with alcoholic alkali 
gave dl4ran$-pinonic acid, m.p. 103-105°. 


♦ Ber. 1900, 33, 2664. 

t Tiemann and Semmler, Ber. 1895,28,1346; Baeyer, ibid. 1896,29,2786; Wallach, 
Annakn, 1909, 368, 6 ; Barbier and Grignard, Bml. 80 c. chim. 1910 [iv], 7, 554; 
GildemeiRter and Kohler, WaUach Featschrift, p. 426; Del^pine, Bull. Soc. chim, 
1936 [v], 8 , 1369. 

* J. Ind. C. 8 . 1943, 20 , 97. 
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dl'Pinonic acid condenses with salicylaldehyde to yield a st^r^l 
derivative, m.p. 159-161®, but it apparently does not react with 
other hydroxy aldehydes.* 

d/-Ethyl pinonate boils at 147-148°/16 mm.;^ the semicar- 
bazones of the d- and /-esters melt at 152-154°.* 

d/-Pinonic acid (XXVII) can be reduced to the corresponding 
hydroxy acid, dl-pinolic acid (CVIII), m.p. 99-100°, by the action 
of alcoholic potassium hydroxide at 180-200°.* This hydroxy 
acid undoubtedly contains the cyciobutane ring, since it can be 
reconverted by oxidation into the parent acid. 

By treatment of <//-pinonic acid with sulphuric acid (50 per 
cent.) Baeyer" obtained the acyclic ketonic lactone, homoterpenyl 

* Fernandez and Mirasierra, Mec, trav, chim, 1929, 48, 852. 

+ Perkin and Simonsen, J.C 8, 1909, 95, 1174. 

* Simonsen, ibid, 1922,121, 2297. 

* Tiemann and Kerschbaum, Ber, 1900, 33, 2665. II Ber, 1896, 29, 326. 
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methyl ketone (XXXIII), the d- and Z-forms of which melt at 
47-48° and the dl- at 63-65°. From pure Z-pinonic acid Barbier 
and Grignard prepared a laevorotatory form with [aJx) — 57*4°, 
but there is no evidence that this was optically pure. On oxida¬ 
tion with potassium permanganate, homoterpenyl methyl ketone 
gives terpenylic acid. 

Pinononic acid has been obtained as described on p. 140, and 
by the oxidation of verbenol and verbenone (see p. 233). The 
d- and Z-forms melt at 128-129°, and the former shows [a]^ + 40° 
in ether (oximes m.p. 178-180°; the m.p. of the semicarbazone has 
been variously reported to lie between 204° and 220°); the cZZ-acid 
has m.p. 99°. Oxidation with hypobromite gives norpinic acid. 
Pinononic acid has been synthesised by Guha and Ganapathi* 
from norpinic acid, the monomethyl ester of which was con¬ 
verted into the acid chloride (CIX) and condensed with methyl 
zinc iodide to give methyl pinononate (CX) (semicarbazone, m.p. 
177-178°), Saponification of this ester gave the acid, m.p. 128°. 
This melting-point, corresponding to that of the optically active 
acid, is undoubtedly erroneous, since the synthetic product must 
have been the cZZ-form, which, as mentioned above, has m.p. 99°.^ 
The ester was readily cyclised with sodium to give ketonopinone 
(CXI), m.p, 104°. 

As was first observed by Bateyer* dZ-pinonic acid is converted 
quantitatively, by oxidation with sodium hypobromite, into 

* Ber, 1936, 69, 1186. 

t Compare Komppa and Klaml, Ber. 1987, 70, 790, footnote. 

* Btr. 1896, 29, 3. 
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(CIX) (CX) (CXI) 

dl-pinic acid (XXVIII), m.p. 101- 102‘5‘^, the d- and Z-forms*^ of 
which have rotatory powers opposite in sign to the parent acids, 
and melt at 135-136°, [a]^) ± 70-10° (in acetone). Pinic acid does 
not yield an anhydride. By distillation of the calcium salt 
BonsdorfF^ obtained a ketone, b.p. 69-71°/8mm., which was 
probably impropenylQyQ\opentan-2--oney fission of the ct/cZobutane 
ring having occurred, but direct proof of its constitution was not 
obtained. 

Pinic acid (XXVIII) reacts readily with bromine to give bromo- 
pinic acid (XXIX), m.p. 154°, which on digestion with barium 
hydroxide is converted into the corresponding hydroxy acid, 
hydroxypinic acid (XXX), m.p. 191-193°, ethyl esteVy b.p. 
179°/16mm. 

On oxidation of the hydroxy acid with lead peroxide the 
aldehyde (CXII) is formed,* which has not yet been obtained pure, 
but which has been characterised by the preparation of the 
semicarbazone, m.p. 188-189°. Oxidation of the aldehyde with 
potassium permanganate or of the hydroxy acid with chromic 
acid* yields cis-norpinic acid (XXXI), m.p. 173-175°. 

Until recently, the formation of this acid as the end product 
in this series of reactions had been taken to indicate that pinic 
acid, and its bromo- and hydroxy-derivatives, also had cis- 
configurations, but synthetic investigations have shown that this 

^ Burbier and Grignard» BvU, Soc, chim, 1910 [iv], 7, 548. 
t Ber. 1911, 44, 3208. 





(CXllI) (CXIV) (XXVIII) 


* Guha, Ganapathi, and Subramanian, Ber, 1937,70,1505; compare Grandperrin, 
Ann, Chim, 1936 [xi], 6, 5. 
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converted through the bromide (CXIV) and nitrile into pinic acid 
(XXVIII), which could not be obtained crystalline but gave a 
dianilide^ m.p. 206-207°, identical with that derived from 
‘'natural ” pinic acid. Furthermore, di-hydroxypinic acid (XXX) 
was reconverted with phosphorus tribromide into the bromopinic 
acid (XXIX), which on treatment with zinc and acetic acid gave 
a liquid pinic acid, the diamide of which, however, melted at 
192-193° and was identical with that of the original solid acid.’^ 
It is deduced from these observations that pinic acid, and its 
bromo- and hydroxy-derivatives all have the ^m/^5-configuration, 
and that the change to ci^-form occurs only at the last stage, when 
the ^mri5-hydroxypinic acid is oxidised to ci^-norpinic acid. The 
hydroxy-acid does not form a lactone, which is additional support 
for its tmns-structure. Reduction of crystalline pinic acid with 
sodium and alcohol gives a glycol (CXV), reconverted on oxidation 
into a product which gives derivatives of the original acid. Since 
it is known that a similar pair of reactions with ^m/i^-norpinic 
acid regenerates the trans-acidy it is concluded^ that these'experi- 
ments afford additional evidence for the supposition that the 
crystalline pinic acid is the trans4oTm, The fact that the synthetic 
pinic acid, and also that obtained from the glycol and from the 
bromide, all failed to crystallise, suggests that although Guha 
and his collaborators considered them to be the trans-formy and 
identical with the “natural” solid acid, they were more probably 
not stereochemically homogeneous. In the opinion of the authors, 
the main value of this work lies in the clear demonstra¬ 
tion that change of configuration can readily occur in such 
reactions. It may indeed be pointed out that substances such as 
pinonic, pinononic, pinic, and norpinic acids, all of which carry 
a carbonyl or carboxyl group adjacent to the ring, would be 
expected to undergo a change of configuration quite readily, 
particularly under conditions in which enolisation is facilitated. 

a^-Norpinio acid, m.p. 173-175°, is remarkably stable; its 
configuration was established by Perkin and Simonsen,* since it 
gives an anhydride, m.p. 135°, from which the acid can be 
regenerated by warming with water. By the action of dilute 

Guha and Rao, Ber, 1938, 71, 2663. 

^ Guha, Ganapathi, and Subramanian, loc* ciU 
t J.C,8, 1909, 95, 1176. 
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hydrochloric acid at 180° an equilibrium mixture of cis- and 
^mr^-norpinic acids is obtained, from which the trans-Sbcid, which 
is much more soluble than the ci^-acid, can be separated by 
fractional crystallisation; it softens at 137° and melts at 144°. 

Kerr’s elegant synthesis’^ has provided an experimental proof 
of the correctness of Baeyer’s formula for norpinic acid. By the 
condensation of the sodium derivative of the cyanoimide (CXVI) 
with methylene iodide the bridged imide (CXVII) was prepared, 
from which, by hydrolysis, the cyano-acid (CXVIII) and finally 
fmw 5 -norpinic acid (XXXI) were prepared; Shoppee and 
Simonsen^ converted this into ci^-norpinic anhydride and cis- 
norpinic acid and were thus able to establish its identity with the 
acid derived from di-pinonic acid. 
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Guha and Gaind* have also synthesised the <ran«-aoid, in small 
yield, by the condensation of ethyl propam-oLciyy-tetramrboxylate 
(CXIX) with j8j3-dichloropropane, to give the ester (CXX), 
followed by saponification and dicarboxylation. 

From amongst the oxidation products of a-pinene, Baeyer* 
separated a second ketonic acid, pinoylformic acid, C 1 QH 14 O 5 


♦ J, Amer, C.S. 1929, 61, 614. 

* Current Science, 1034, 2, 479. 


t JJ3.CJ. 1929,48, 730. 
• Ber. 1896, 29,1911. 
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(XXXIV), by taking advantage of the fact that this acid com¬ 
bines very readily with potassium bisulphite to give a crystalline 
derivative, from which it can be regenerated by the action of 
barium hydroxide. According to Ertschikowski,* this acid can 
be obtained also by the oxidation of di-pinonic acid with potas¬ 
sium permanganate; it melts at 78-80° and is somewhat unstable. 
Although, as is proved by its reactions, pinoylformic acid is 
undoubtedly the ketonic dibasic acid represented by (XXXIV), 
it behaves on titration as a lactone and exists therefore also in 
the tautomeric form (CXXI). The phenylhydrazone melts at 
192*6°. The constitution of pinoylformic acid is conclusively 
proved by its oxidation with potassium permanganate to pinic 
acid, and by its conversion on boiling with dilute sulphuric acid 
into homoterpenylformic acid (XXXV), m.p. 126-129°, which, on 
oxidation with lead peroxide, gWeshomoterpenylicacid (XXXVI), 



« £er. 1899,32,2079. 


CH 

(XXXVI) 
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m.p. 98-101'", which has been synthesised by Simonsen.’* On 
reduction with sodium amalgam, pinoylformic acid yields the 
corresponding hydroxy acid, m.p. 130-133°.^ The nature of the 
products formed on oxidation with sodium hypobromite have 
been discussed on p. 123. 

Molecular Rearrangements of cc-Pinene and Belated Compounds 

Before proceeding to give an account of the remaining reactions 
of a-pinene it will be convenient to discuss here one of the most 
important properties shown, not only by a-pinene and its deriva¬ 
tives, but also by other dicyclic terpenes, namely the great 
tendency which they exhibit to isomerise to substances having 
a different ring structure. The following may be regarded as 
typical examples of this type of reaction: 

(i) the hydration of a-pinene (XXIII) to yield borneol (CXXII) 
and fenchyl alcohol (CXXIII), 

(ii) the conversion of a-pinene into bornyl chloride (CXXIV) 
by the action of hydrogen chloride, 

(iii) the dehydration of imborneol (CXXII) to camphene 
(CXXV), 

(iv) the conversion of camphene hydrochloride (CXXVI) into 
imbornyl chloride (CXXIV). 

These changes are shown schematically on p. 157, the reaction 
with a-pinene being more readily understood if the formula for 
the hydrocarbon be written as in (XXIII a) and (XXIII b). 

Wagner* recognised that a molecular rearrangement was 
involved in the formation of bomyl chloride from a-pinene, and 
he suggested that a simple analogy was to be found in the dehy¬ 
dration of the alcohol (CXX VII) to the hydrocarbon (CXXVIII), 
which, by the action of hydrogen chloride, gives the chloride 
(CXXIX), the isomeric chloride (CXXIXa) possibly having a 
transitory existence. 

(HjOjC.CHOH.CHj (H,C),C:C(CHs)2 -> (H8C),CH.CCl(CH,)a 

(CXXVlI) (OXXVIII) (CXXIXa) 

H,C.CHC1.C(CH8), 

(CXXIX) 

♦ 1907, 91, 190. 

* J. Rum. Phyt. Chem. Soc, 1899,81, 690. 


t Baeyer, Ber. 1896, 29, 2789. 
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Other and more instructive analogies have been observed by 
Meerwein,* of which the following examples offer sulBScient 
illustration. l-isoPropt/^cyclopentone-l: cn-diol (CXXX) yields on 
treatment with dilute sulphuric acid 1: l-dimethylQjGlohexan- 
2-one (CXXXI). The dehydration of the alcohol (CXXXII) pre¬ 
pared by the reduction of the latter gives rise to a mixture of 
l\2-dimethyUl^^-QyQ\ohexene (CXXXIII) and i^ojpropyh^^-oycXo- 


pentem (CXXXIV). 
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The mechanism involved in these pinacon-pinacolin trans¬ 
formations has been much discussed. In the conversion of 
f^obomeol (CXXII) into camphene (CXXV) it has been assumed 
that tricyclene (CXXXV) is an intermediate product,^ the reaction 
being formulated as shown on p. 159. 

The transitory existence of tricyclic derivatives can also be 
used to explain the other reactions given above, Meerwein and 
Emster^ have shown conclusively that in the case of the iao- 
bomeol-camphene change the reaction cannot proceed in this 
manner, since tricyclene is perfectly stable under conditions 
which convert iedbomeol into camphene. Further evidence was 

* Anfuden, 1910, 87 ^ 152; 1914, 405 , 129; 1918, 417 , 255. See also Ann. Reports, 
1933, 80 , 181; 1939, 86 , 195. t Compare Btmioka, Hdv. Chim. Ada, 1918,1,130. 

^ Rer. 1920, 48 , 1815; of. Lipp, ibid. 769. 



DH.m PINANE AND ITS DERIVATIVES 159 



(CXXII) (CXXXV) (CXXV) 


furnished by a study of the velocity of the conversion of camphene 
and tricyclene into i^obornyl chloroacetate by the action of 
chloroacetic acid. The esterification of camphene proceeds with a 
far greater velocity than that of tricyclene, which could obviously 
not be the case if tricyclene was an intermediate stage in the 
reaction. Meerwein considers that the isomerisation is preceded 
by ionisation, the actual molecular rearrangement occurring in 
the cation, evidence in support of this view being afforded by a 
study of the velocity of the change camphene hydrochloride 
(CXXVI) to wobornyl chloride (CXXIV). 



(CXXVI) (CXXIV) 


We are, however, indebted to Robinson* for a precise and 
adequate correlation of these changes with the pinacon-pinacolin 
transformation, which would appear to have been overlooked by 
other investigators. In his original communication the symbolism 
of partial valencies was used, the dehydration of a pinacon (-4) 
to a pinacolin (JS) being directly correlated with the Wagner or 
bomeol-oamphene rearrangement. In the representation {A), 
i?, R^, iP, IP are assumed to be neutral groups, whilst a is a 
divalent atom or group and Xy y are monovalent atoms or groups 
of such a nature that there is a tendency to form a compound xy, 

* Mem. Manchester PkU. Soc. 1921, 64 , No. 4, 1. 
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If it be assumed that x is electropositive in character and y 
electronegative and that they become attached by a partial 
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valency, then there arises conjugation and the conditions repre¬ 
sented by {A') and {A"), Now if xy separate from (A") by com¬ 
pound formation a three-membered ring may be formed, as in 
(C^), whilst the separation of xy from (A') will give (i5). This latter 
reaction is the ordinary pinacon-pinacolin reaction, where a is 
oxygen, x hydrogen and y is hydroxyl. To illustrate this, the 
borneol-camphene change is shown by the following representa-. 
tion: 
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With the elaboration of the electronic theories of valency, 
which we owe mainly to Lapworth and Robinson, the expression 

(A) may be written as in {A'") where ‘‘-” corresponds to 

two electrons, the intermediate bodies postulated, (A') and {A"), 

being identical if “.be assumed to correspond to one 

electron/ 



o z - y 


-C i?* R^) 

A further advance was made in theoretical interpretation by 
the suggestion of Lapworth that the reaction in such cases is 
probably not direct, but takes place by an ionic mechanism. This 
theory may be represented as shown below: 


[becomes + ve ion] 



The Robinson theory, with the ionic extension suggested by 
Lapworth, provided a simple explanation of the Wagner reaction 
and had the valuable additional merit that it co-ordinated it with 
the well-known pinacon-pinacolin rearrangement. In its essen¬ 
tials, the theory has remained unchanged, though in accordance 
with more recent electronic concepts it has undergone slight 
modifications in detail. The mesomeric structure (CXXXVI), 
suggested by Ingold ^ to represent the intermediate ion in the 

* Compare Lapworth, J.G,S, 1922,121,416; Kermack and Robinson, ibid. p. 427. 
t Ann. Reports, 1939, 86, 197; compare Nevell, de Salas, and Wilson, J.C.8. 
1939, p. 1188. 
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camphene-borneol change, can be regarded as the modern equi¬ 
valent of the partial valency formula. 


CHa 



(CXXXVI) 


In the example given on p. 158 it was shown that dehydration 
of the cyciohexane derivative (CXXXII) gives two products. In 
the formation of one of these (the i^opropylcyctopentene) the 
pinacolic change results in a modification of ring structure, and 
this is analogous to the terpene transformations already con¬ 
sidered ; the dimethylcycZohexene, however, is derived by a pina¬ 
colic change without ring isomerisation. In the terpene field an 
example of this latter type is provided in the dehydration of 
camphenilol (CXXXVII) to santene (CXXXVIII), but until com¬ 
paratively recently it has not been realised that this so-called 
camphene change of the second type ” is of frequent occurrence. 
This reaction, which is now generally described under the term 
“Nametkin change”, has been studied by Nametkin, Bredt, 
Houben, Lipp and others. Specific examples will be found in the 
sequel (pp. 292, 304, 344, etc.), but it is desirable at this stage to 
give a brief indication of the manner in which isomerisation may 
arise by a combination of the Wagner and Nametkin rearrange¬ 
ments. For purposes of illustration, a 2:2-disubstitutedcamphane 
(CXXXIX), where X = H, CHg, COgH, etc., and r = OH, OAc, 



HgC-CH-C.CHa 
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-C.CH: 


(CXXXVIII) 






CH. Ill 


PINANE AND ITS DERIVATIVES 


163 


Cl, Br, etc., will be taken as a general example. A Wagner 
rearrangement on such a substance would normally proceed 
through the intermediate f^ocamphane derivative (CXL), which 
by loss of Hr would form the 1-substituted camphene (CXLI). 
Under certain conditions, however, the intermediate (CXL) may 
undergo a Nametkin change to give (CXLII), and the subsequent 
loss of H r results in the formation of the 4-substituted camphene 
(CXLIII); alternatively, (CXLII) may undergo a Wagner re¬ 
arrangement and yield the 2:4-disubstituted camphane (CXLI V). 
Compounds of the latter type had previously been formulated as 
2:6-derivatives (CXLIVa), and, since the Wagner rearrange¬ 
ment would not account for such an isomerisation, Meerwein and 
Montfort^ had concluded that the direct migration of a sub¬ 
stituent occurred, from the 2- to the 6-position; the racemisation 
of bornyl chloride, for example, was thought to proceed by a 
2-6 isomerisation within the bornyl ion (CXLV). It is difficult, 
however, to provide any theoretical justification for such an 
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♦ AnruOen, 1924, 485, 213. 
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isomerisation, and the discovery that these changes result in a 
migration from the 2- to the 4-position has eliminated the neces¬ 
sity of postulating such a 2-6 ionic interchange, and has led to 
the provision of a reasonable explanation of the observed facts. 
It is important to note that the substituted camphenes (OXLI) 
and (CXLIII) differ not only structurally, but also in configura¬ 
tion, and if X = H they become true enantiomorphs. Similarly, 
(CXXXIX; X = H, y = Cl) and (CXLIV; X = H, 7 = C1) repre¬ 
sent enantiomorphous forms of bornyl chloride. The Nametkin 
change is therefore able to account also for the facile racemisation 
shown by bornyl chloride and camphene. 

The position is not yet so clear in the fenchane series, where 
dehydration of fenchyl alcohol (CXXIII) can give rise to a hydro¬ 
carbon such as j8-fenchene (OXLVI), which cannot be derived 
from this alcohol by any normal Wagner or Nametkin change. 
The hydrocarbon can, however, be derived by Wagner change 
from i^ofenchyl alcohol (CXLVII), and it is therefore necessary 
to consider possible mechanisms for the interconversion of these 
two structurally isomeric alcohols. i.9oFenchyl alcohol could 
evidently be formed from fenchyl alcohol by a migration of the 
2-6 type originally considered in the camphane series; alter¬ 
natively, the transformation may be assumed to occur through 
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the intermediate foriAation of oyclofenchene (CXLVIII). The 
latter hypothesis is comparable with the postulation of tricyclene 
as an intermediate in the camphene-borneol change, but differs 
from it in one very important respect, in that the properties of 
ci/ciofenchene, unlike those of tricyclene, are not incompatible 
wdth such a reaction mechanism. It has already been pointed 
out that it is difficult to give any theoretical explanation for the 
concept of an ionic interchange between the 2- and 6-positions, 
and the alternative view is therefore more attractive, though it 
is recognised that further investigations in this field are very 
desirable.*^ 

General Reactions of OL-Pinene 

On hydration with dilute mineral acids or with organic acids 
a-pinene yields products of two distinct types: (i) by fission of 
the ci/cZobutane ring with formation of monocyclic alcohols and 
hydi-ocarbons, and (ii) by molecular rearrangement and conver¬ 
sion into derivatives of camphane and fenchane. By the choice 
of suitable conditions either the one or the other of these two 
reactions can be nlade to predominate. Owing to the technical 
importance of the products which are formed, the hydration of 
a-pinene has been exhaustively studied, and it is only possible 
to give here a general outline of these investigations. In the 
majority of cases pure a-pinene free from jS-j)inene has not been 
used, and there has been considerable discussion as to whether 
both hydrocarbons react in the same manner. This problem 
cannot be regarded as definitely elucidated, but it seems probable 
that, whereas the products from the two hydrocarbons are quali¬ 
tatively the same, they differ quantitatively, a-pinene being more 
slowly hydrated than /S-pinene and giving higher yields of mono- 
cyclic derivatives.^ The mechanism of the acid-catalysed iso¬ 
merisation of a-pinene has been discussed by Mosher.* 

Compare Hiickel, Theoretische Orundlagen der Organiachen Chemief 5th ed., 
1944, Vol. I, pp. 320-329, 334, 341-342. The mechanisms of rearrangement in the 
camphane and fenchane series have also been discussed by BOeseken {Rec. trav. chim. 
1935, 64, 101), but some of his conclusions are vitiated by incorrect formulations 
of certain reaction products. 

+ See inter al.y Barbier and Grignard, Bull. 8oc. chim. 1909 [iv], 6, 512, 519; 
Dupont, Chim. et Ind. 1922, 8, 855; Grignard and Stratford, BuU. Soc. chim. 1923 
[iv], 38, 531; Del6pine, Compt. rend. 1924, 178, 2087; 1924, 179, 980; Austerweil, 
BuU. Soc. chim. 1926 [iv], 39, 690, 1732; 1927 [iv], 41, 1088, 1607. 

♦ J. Amer. C.8. 1947, 69, 2139. 



166 


PINANE AND ITS DERIVATIVES 


Whilst pinene"^ is only very slowly acted upon by dilute sul¬ 
phuric acid, with the concentrated acid a complex reaction takes 
place with the formation of limonene (d- or I- depending upon the 
rotatory power of the pinene used), dipentene, terpinolene, ter- 
pinene, camphene, and p-cymene.+ Treatment of the reaction 
mixture with an excess of an alcohohc solution of potassium 
hydroxide at 150° under pressure results in the formation of 
appreciable quantities of borneol and fenchyl alcohol. If a large 
proportion of mineral acid is used, it has been observed by Brooks 
and Humphrey* that polymerisation takes place with the forma¬ 
tion of hydrocarbons having a high molecular weight; oL-dipinene, 
one of the products of this reaction, has been studied by Dulou.* 
With 8uly)huric acid in alcoholic solution at the ordinary tempera¬ 
ture, a-terpineol or its ether is obtained in a good yield," although, 
if the mixture is heated, monocyclic terpenes result.^ With dilute 
nitric, hydrochloric, hydriodic and phosphoric acids pinene gives 
mainly terpin hydrate,a product which is formed also by the 
action of dilute sulphuric acid if the hydrocarbon and the acid 
are allowed to remain in contact for a considerable period under 
conditions allowing a large reaction surface.*^ 

During recent years the use of organic acids for the hydration 
of pinene has found increasing application, since the reaction can 
be more readily controlled. The hydration proceeds in exactly 
the same manner as with mineral acids, so that only brief mention 
is required. Kharasch and Reynolds** have shown that the yield 
of bornyl ester depends on the ionisation constant of the organic 
acid employed, and in certain cases may be improved by the 

* The general term “pinene” is used here to indicate a mixture of a- and p- 
pinenes. 

t Armstrong and Tildon, Ber. 1879, 12, 1752; Bouchardat and Lafont, Compt. 
rend. 1887, 105, 1177; 1897, 125, 113; Wallach, Anndlen, 1887, 289, 35; Charlton 
and Day, Ind. Eng. Ghem. 1937, 29, 92. 

* J. Amer. C.8. 1918, 40, 844. 

* BuU. Inst. Pin, 1931, 159, 173, 199, 219; of. Ritter and Sharefkin, J. Amer. 
C.8. 1940, 62, 1508. 

» Flavitzky, Bet. 1879,12,1406, 2354; 1887, 20,1957; Qodlewski, J. Russ. Phys. 
Chem. 8oc. 1899, 31, 201; Treibs, Ber. 1937, 70, 589. 

5 Wallach, Annalen, 1885, 227, 283; 230, 262; Smirnov, J. Russ. Phys. Chem. 
8oc. 1909, 41, 996. 

** Wiggers, Annalen, 1840, 83, 359; 1846, 67, 247; Hempel, ibid. 1876, 180, 73; 
TUden, J.C.8. 1879, 35, 262; Flavitz^, Ber. 1879,12, 1022, 1406; Aschan, Bidrag 
til Kdnmdom of Finland*s Natur och Folks, 1918, 77, 1. 
tt Beilstein, Handbuch der Organischen Chemie, 4th ©d. v, 152. 

« J. Org. Chem. 1944, 9, 148. 
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incorporation of phenol in the reaction mixture. The presence of 
an amide, on the contrary, inhibits esterification, and leads to a 
good yield of limonene. According to Reisman anhydrous formic 
acid gives a mixture of limonene, dipentene, terpinene, ter- 
pinolene, diterpenes, terpinyl formate and bornyi formate, whilst 
with acetic acid similar products are formed, although under 
suitable conditions terpinyl acetate can be made the .main 
product.^ a>Terpineol can be conveniently prepared by the action 
of benzenesulphonic acid.* 

The action of chlorine on a-pinene has formed the subject of 
numerous investigations, the earliest being due to DeviJle* and 
Naudin." Owing to the complex manner in which the reaction 
proceeds, the actual nature of all the products of the reaction has 
not yet been determined. The primary product is probably the 
dichloride (CXLIX); this substance is, however, too unstable to 
permit of isolation, and even at low temperature decomposes 
with the liberation of hydrogen chloride. The most recent investi¬ 
gations of this reaction have been made by Aschan ^ and by Brus.** 
Even if water is rigidly excluded and the reaction carried out at 
—15^, Aschan found it to be most complex. He succeeded in 
isolating a dichloride, bornyl dichhride (2: Michlorocamphane) 
(CL), m.p. 173-174°, a liquid dichloride of undetermined con¬ 
stitution, and bornyl chloride (CLI). 

The latter is probably a secondary product, being formed by 
the action of hydrogen chloride, generated by the decomposition 
of (CXLIX), on unattacked a-pinene. It is not known whether 
the bornyl di chloride is formed directly by the rearrangement of 
pinene dichloride, which Aschan assumed to be the case, or by the 
chlorination of bornyl chloride. It would appear not improbable 
that both reactions occur simultaneously, and that the liquid 


* BuU. Soc. chim, 1927 [iv], 41, 94; compare Lafont, ibid, 1888 [ii], 49, 323; 
Del6pine, Reisman and Snan, ibid, 1930 [iv], 47, 966. 

t Bouchardat and Lafont, Compt, rend. 1898, 126, 755; Zeitsohel, O.P. 204163; 
Q.P. 67255; Guha and Roy, J. Ind. Inst. Sci. 1941, 23 a, 208; compare Paillard and 
Tempia, Helv. Chim, Acta, 1931,14, 1314. 

* Barbier and Grignard, BuU. Soc, chim. 1909 [iv], 6, 512, 519; Germuth, Amer» 
J. Pharm. 1927, 99, 402. 

* Anncden, 1841, 87, 190. 

« BuU. Soc. chim. 1882 [ii], 37, 111. 

5 Ofvers. Pinslca Vet. Soc. 1915, 67, 1; Ber. 1928, 61, 38. 

Compt. rend. 1925,180, 1507; Brit. Ghent. Abstr. 1931, p. 230; compare Gallas 
and Montaft^s, Anal. Pis. Quim. 1930, 28, H63. 
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dichloride is actually a mixture of stereoisomeric bornyl di¬ 
chlorides. Brus obtained very similar results and he prepared 
also a dichloride, m.p. 170-171°, bornyl chloride, together with 



(CXLIX) (CL) (CLI) 


more highly halogenated products. Since his dichloride crystal¬ 
lised in the monoclinic system and that of Aschan in the ortho¬ 
rhombic, he did not regard them as identical, but until direct 
comparison of the two substances has been made, the non¬ 
identity cannot be regarded as established. The constitution of 
the dichloride is proved by its conversion into tricyclene (p. 333) 
by the action of sodium. 

The bromination of a-pinene proceeds in an exactly analogous 
manner to the chlorination, and gives a mixture of bornyl bromide 
(CLIII) and bornyl dibromide (CLIV), although the tendency for 
hydrogen bromide to be eliminated and for ^-cymene to be 
formed is greater. The early experiments of Deville,’^ Oppenheim,^ 
Barbier* and Kekule* did not lead to the separation of any crys¬ 
talline derivatives, but the isolation of 2 >-cymene either by direct 
distillation or after treatment with bases was of fundamental 
theoretical importance in showing the relationship of a-pinene 
to the aromatic hydrocarbons. Later investigators" were con¬ 
cerned mainly with quantitative estimations of the absorption of 

♦ Anmhn, 1841, 37, 191. t 5er. 1872, 6, 94, 628. 

» Ibid. 1872, 6, 99, 216. * Ibid. 1873, 6, 437. 

» Flavitzky, J. Russ. Phys. Chem, 8oc, 1889, 21, 367; J. pr. Ghem, 1892 [ii], 45, 
119; Tilden, J.C.8, 1888, 53, 879; 1896, 69, 1009; Stschukarevi J. pr, Chem, 1893 
[ii], 47, 191; Wallaoh, Annahn^ 1891, 204, 1; Armstrong, J,G,8, 1896, 69, 1397. 
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bromine, but Flavitzky possibly prepared true a-pinene dibromide 
(CLII), which he describes as an oil, d^o 1-5493, 1-6475, 

Wd + 30-5°, which did not crystallise at — 30°. This substance 
was prepared by bromination in acetic acid solution. A crystal¬ 
line dibromide, m.p. 169-170°, together with bornyl bromide, m.p. 
about 90°, was obtained by Wallach,* Wallach considered the 
dibromide to be a true pinene derivative, but this was shown by 
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Semmler to be incorrect,^ since on reduction it gives camphane 
(CLV), whilst by the action of sodium it is converted into tri- 
eyclene. Semmler correctly identified it as bornyl dibromide. 
The remarks made above regarding the mechanism of the 
chlorination of a-pinene apply also to its bromination. The action 
of iV-bromosuccinimide on a-pinene gives a monobromo-Qom- 
pound, b.p. 101-109°/12 mm.,* which is probably identical with 
verbenyl bromide.* 

* Compare Aschan, Ber, 1928, 61, 43; Gallas and Montafies, AnaL Fia, Quim. 
1930, 28, 1163. 

t Bar, 1900, 33, 3423. 

* Ziegler, Sp&th, Schaaf, Schumann and Winkelmann, Annahn, 1942, 651, 80. 

« Buu-Hof, Hiong-Ki-Wei, Lecomte and Royer, BuU, Soc. chim, 1946, p. 148. 
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Iodine reacts with a-pinene with great facility, but the products 
which are formed are very unstable, decomposing readily with 
formation of p-cjmene,* 

Although a complete and satisfactory explanation of the action 
of hydrogen chloride on a-pinene has only been given compara¬ 
tively recently,^ Kindt* in 1802 made the historic observation 
that when hydrogen chloride w^as passed into oil of turpentine a 
crystalline substance separated, and to this he gave the name 
^'artificial camphor”. As was to be anticipated, this interesting 
substance, later known as "pinene hydrochloride”, has been the 
subject of a large number of investigations,* and it was found 
that it could be prepared also by the passage of hydrogen chloride 
into solutions of oil of turpentine in various solvents such as 
carbon disuljihide and benzene. It was further observed that the 
crystalline hydrochloride, the composition of which, C 10 H 17 CI, 
was correctly determined by Dumas and by Blanchet and Sell, 
was always accompanied by liquid hydrochlorides of approxi¬ 
mately the same composition. From this mixture Tilden 
succeeded in separating a crystalline dihydrochloride, CioHig, 
2HC1, m.p. 50"", identical with that prepared from limonene, and 
he suggested that the liquid hydrochloride was probably a 
mixture of "artificial camphor” and dipentene dihydrochloride, 
which he showed experimentally to have a very low melting- 
point. This view was shared by Wallach," but the more recent 
experiments of Aschan,^ which are discussed on p. 172, have 
shown this to be not quite correct. For many years "artificial 
camphor” was naturally regarded as a true derivative of pinene, 
but the classical investigations of Berthelot,*^^ supplemented by 
those of Riban,** rendered this improbable. Berthelot found that 
when hydrogen chloride was removed from "artificial camphor” 


* Dev^e, AtinaZew, 1841, 37, 191; Kekule and Bruylants, Ber. 1873, 6, 437; 
Oppenheim, ibid. 1874, 7, 625; Preis and Rayman, ibid. 1879, 12, 219; Armstrong, 
ibid. 1756; Denaro and Scarlato, Oazzetta, 1903, 83, 393. 

Aschan, Ofvers. Finska Vet. Soc. 1914,57, no. 1; Meerwein and Emster, Ber. 1920, 
53, 1825; Meerwein and Emster, ibid. 1922, 56, 2521. 

* Tromms. J. Pharm. 1802,11, n, 132. 

Bumas, Annalen, 1832. 6, 275; 1834, 9, 56; Blanchet and SeU, ibid. 
1832, 6, 259; Berthelot, Ann. Chim. 1854 [iii], 40, 5, 31; Tilden, Ber. 1879,12,1131; 
Flavitzky, J. Buss. Phya. Chem. 80 c. 1880,12, 57 . 

n Annalen, 1887, 239, 5. 5 /bid. 1912, 387, 2. 

Ibid. 1859,110, 367; Campt. rend. 1862, 55, 496. 

++ Ann. Chim. 1875 [v], 6, 23, 363, 
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pinene was not regenerated, but a new crystalline terpene, 
camphene, was formed. He concluded, therefore, that “artificial 
camphor” was a derivative of camphene, although it differed 
from the hydrochloride prepared by Riban by the action of 
hydrogen chloride on camphene. This latter hydrochloride is now 
known as isobornyl chloride, but the relationship of “artificial 
camphor” (bornyl chloride), i^obornyl chloride and camphene 
hydrochloride was only determined much later, and is discussed 
on p. 347. Berthelot’s investigations, however, showed con¬ 
clusively that “artificial camphor” was not a true derivative of 
pinene and paved the way for its subsequent recognition as bornyl 
chloride (CLVI). 

CH3 



(CLVI) (CLVII) 


True pinene hydrochloride (CLVII) has been described by 
Aschan* and by Meerwein.^ According to Aschan* the hydro¬ 
chloride is formed by the action of gaseous hydrogen chloride on 
oc-pinene containing from 4 to 10 per cent, of ether at —15°, and 
is an oil having a suffocating odour. It was not obtained pure and 
free from bornyl chloride, but proof of its presence was deduced 
from the fact that on treatment of the crude hydrochloride with 
aniline the temperature rose to 80° and a mixture of bornyl 
chloride and a-pinene was obtained. The previous failure to 
prepare pinene hydrochloride Aschan ascribes to the fact that, 

* Ofvers. Finaka Vet, 80 c, 1914, 57, no. 11. 

+ Meerwein and Emster, Ber, 1922, 65, 2521; Meerwein and Vorster, J, pr, Ckem, 
1936 [ii], 147, 83. 

* A l^er account of these experiments is given by Aschan, Naphtenverbindungen, 
Terpene und Campherarten, pp. 191-197. 
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at the ordinary temperature, the pinacolin change (p. 156) of 
pinene hydrochloride into bornyl chloride proceeds faster than 
the addition of hydrogen chloride to pinene. The experimental 
results described by Meerwein and his collaborators are not in 
complete agreement with those of Aschan. They found that when 
a-pinene in light petroleum solution was treated with hydrogen 
chloride at — 70° a crystalline pinene hydrochloride, mixed with 
bornyl chloride, was obtained. This chloride was immediately 
decomposed by either water or alcohol (hence the pungent smell 
noted by Aschan) and it titrated in these solvents like free hydro- 
chloric acid. It was, however, stabilised by ether, although if 
this solvent was used as a diluent in its preparation, the velocity 
of the addition of hydrogen chloride was enormously decreased. 
In this fact they find a possible explanation of the isolation by 
Aschan of a-pinene by the action of aniline, which they suggest 
may have been present in his pinene hydrochloride owing to 
incomplete addition. It should be pointed out, however, that the 
marked rise in temperature which Aschan observed in this 
reaction does not support this explanation. The crystalline hydro¬ 
chloride exhibits considerable stability, and it can be kept in 
ethereal solution at room temperatme for several days without 
undergoing any change. The rate of conversion into bornyl 
chloride, in different solvents, increases in the following order: 
ether, light petroleum, toluene, chlorobenzene, anisole. 

Aschan* and Kondakov and Saprikin^ have attempted to 
prepare the hydrochloride indirectly by treating a-pinene with 
camphene hydrochloride or with the hydrochlorides of the bases, 
ammonia, hydroxylamine, trimethylamine, aniline, pyridine, 
cocaine and quinine. In all cases, however, isomerisation occurs 
with the formation of bornyl chloride. 

By the action of hydrogen bromide and of hydrogen iodide on 
a-pinene, bornyl bromide and bornyl iodide are obtained, the 
corresponding true pinene derivatives not having been prepared. 

Results of considerable interest have been obtained from a 
study of the action of hypochlorous acid on a-pinene, the earlier 
work on this subject by Wagner and his collaborators* having 

♦ Ofv^s, Finska Vet. Soc. 1916, 68, 1. + BtUl. Soc. ckim. 1926 [iv], 37, 726. 

* Wagner and Ginzberg, Ber. 1896, 29, 886; Ginzberg, J. Ruaa. Phys, Chem* Soc. 
1898, 30, 686; Wagner and Slawinski, Ber. 1899, 32, 2064. 
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been extended by Henderson and Marsh.’^ The reaction un¬ 
doubtedly proceeds in a somewhat compHcated manner and the 
interpretation of the results of Wagner and his collaborators is 
rendered difficult, since the method employed for the isolation 
of the products involved treatment with alkali and consequential 
secondary reactions. It is, however, clear that under the con¬ 
ditions used both by Wagner and by Henderson and Marsh one 
molecule of the hydi’ocarbon always reacts with two molecules 
of hypochlorous acid with fission of the cycZobutane ring. This 
being the case, it is obvious that the primary product of the 
reaction may be any one of the four dichlorohydrins (CLVIII), 
(CLIX), (CLX) and (CLXI), depending upon the direction in 
which the addition occurs. Apart from structural isomerism the 
possibihty of both optical and ci^-trans isomers has to be taken 
into account. 

In their first experiments Wagner and Ginzberg treated a- 
pinene in ice-cold solution with hypochlorous acid and, after 
neutrahsation of the excess of mineral acid with alkah, they 
obtained an optically inactive monochlorohydrin, C 10 H 17 O 2 CI, 
m.p. 105-107°, and an optically active isomeride, m.p. 131-133°, 
together with cm-pinolglycol (CLXVI). This result was confirmed 
by Ginsberg, who obtained in addition a dichloride, CioHigClg, 
m.p. 165-168°, which was subsequently shown by Henderson and 
Marsh to melt at 176° and to be identical with bornyl dichloride. 

An insight into the mechanism of the formation of the mono- 
chlorohydrins resulted from the later work of Wagner and 
Slawinski. From the crude reaction mixture, which had the 
composition of a dichlorohydrin, CioHigOgClg, a crystalline solid 
slowly separated. This substance, which was optically active, 
melted at 136-137°, and was undoubtedly cis-1:2-dicAZoro-p- 
menthane-Q : S-diol {sobrerol dichloride) (CLX), since, when treated 
with alkah, it gave pinol oxide (OLXII), whilst on reduction with 
zinc dust in alcohohc solution it gave sobrerol (CLXIII). This 
constitution for the dichlorohydrin was confirmed by Henderson 
and Marsh, who prepared it by the direct addition of chlorine to 
sobrerol. 

As the greater part of the reaction product could not be 
obtained crystaUine, Wagner and Slawinski resorted to treatment 
♦ J.C.8, 1921,119, 1492. 



1T4 


FINANE AND ITS DERIVATIVES 


CH, 

ici 

ltd in, 



CCl 

ClHd^’HOH 


6 

C.OH 

ClHd^^HCl 

Hjd in. 

Ola 

Hjd ifij 

Hjd ia. 


Zn 



i.oii 

-► 

A. OH 

A. OH 




h,(/\h. 

(CLX) 1 

KOH 

(CLXIII) 

(CLXI) 




Cl 

i—o 



C1H< 


1 

CH, 

/K 


HOH 


(To CLXVI) 



(To CLXV) 



CH. Ill 


PINANE AND ITS DERIVATIVES 


175 


(From CLXIl) (From CLXIV) 


1 1 

CHa CH, CH, 

i.OH i.OH CCl 



(CLXVI) (CLXVII) 


with alkali in order to ascertain the nature of the substances 
present. They obtained in this manner (i) pinol oxide (CLXII), 
(ii) ^-meniha7he-l\2\^\%4etrol {sobreroerythritol) (CLXVII), m.p. 
193-194°, (iii) an optically active pinolglycolchlorohydrin, m.p. 
131-132° and (iv) in very small quantity, an isomeric pinol- 
glycolchlorohydrin. The first two of these products can obviously 
result from any of the four possible dichlorohydrins, and therefore 
throw no light on the nature of the products present in the oil. 
The optically active pinolglycolchlorohydrin, m.p. 131-132°, 
«£) +88*3° and —87*39° (in the opposite sense to the a-pinene 
from which it was prepared), gave with alkali ciS’pinolglycol 
(CLXVI), m.p. 123-124°. It must therefore have formula 
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(OLXV)’^ and should apparently result from the dichlorohydrin 
(CLXl). Whilst this is the simplest explanation of its formation, 
it can also be formed from the dichlorohydrin (CLX), since 
Henderson and Marsh found that when this substance was treated 
with very dilute alkali a chlorohydririy m.p. 70-71°, was obtained, 
which readily gave a nitrobenzoate, m.p. 125°, and therefore 
contained a secondary alcohol group. This glycol, to which they 
gave formula (CLXIV), j)assed with extreme facility into the 
optically inactive form of (CLXV), m.p. 104°, which was also 
prepared by mixing equal quantities of the d- and Z-forms, m.p. 
131-132°. From the experiments of Wagner and his collaborators, 
therefore, the conclusion may be drawn that by the action of 
hypochlorous acid on a-pinene the main product formed is the 
dichlorohydiin (CLX) with possibly a small quantity of (CLXI). 
Henderson and Marsh were, however, successful in separating 
two more crystalline dichlorohydrins; one of these, m.f). 124- 
126°, was optically active and must be 2: S-dichloro-i>meMhane- 
1 :Q-diol (CLIX), since this formula alone of the remaining for¬ 
mulae allows of optical activity. On treatment with alkali it gave 
Z-pinolglycol-2-chlorohydrin (CLXV) with a trace of pinol oxide. 
The other dichlorohydrin, m.p. 155°, was also optically active; 
Henderson and Marsh suggested that it is derived from j8-pinene, 
but the quantity available was insufficient for an investigation 
of its reactions. 

As mentioned above, Ginzberg obtained bornyl dichloride by 
the action of hypochlorous acid on a-pinene, and the corre¬ 
sponding bromide appears to be the main product when hypo- 
bromous acid is used.^ The mechanism involved in the formation 
of the dihalide derivatives has not been determined. They can 
result either from the presence of free halogen in the acid used, 
or by the elimination of water from an intermediate product of 
the type (CLXVIII). 

By the action of the phosphorus halides, thionyl chloride and 
analogous reagents, either ^-cymene or the bornyl halides result. 
Thus with phosphorus trichloride Naudin* obtained ^-cymene in 

* The alternative formula (CLXV a) cannot be correct, since this substance, 

m.p. 62-54°, was prepared by Ginzberg {J. Rtiss, Phys. Chem. Soc. 1908, 30, 681) 
by the action of hypochlorous acid on pinol and was found to contain a secondary 
alcohol group. + Wagner and Ginzberg, i?er. 1896, 29, 890. 

♦ Bull. Soc. chim. 1882 [ii], 37, 111. 
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a yield of 75 per cent., whilst Avith the pentachloride at 25° Bert* 
obtained a mixture of ^-cymene (13 per cent.), a diterpene aild 
a mixture of chlorides, one of which, m.p. 183°, was 

probably bornyl dichloride. Schmidt^ claimed that thionyl 
chloride and sulphuryl chloride react with a-pinene to give bornyl 
chloride in a yield of 80 per cent., but the exjDerimentspf Garino 
and D’Ambrosio^ showed that at least in the case of the former 
reagent the reaction is very much more complex. From a-pinene 
they i)repared a licpiid dichloride, C,oHigOl 2 , which they regarded 
as a true pinene derivative, and Avhich on distillation in steam 
decomposed, yielding a mixture of bornyl chloride and a tri¬ 
chloride which they represented by (CLXIX). In view, however, 
of the known instability of the halogenated pinanes, it seems 
very unlikely that the substance can have this formula, and until 


CH3CI 

CCl 



CH 

(CLXIX) 


BuU. 80 c. cUm, 1923 [iv], 33, 787. 
t Q.P, 397314. 


* Oazzetta, 1924, 64, 345. 
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direct evidence of the presence of the cycZobutane ring is forth¬ 
coming, it is probably best regarded as a trichlorocamphane or 
fenchane. 

Aluminium chloride polymerises a-pinene to a crystalline sub¬ 
stance,^ m.p. 77-78°, which when heated with the 

reagent is depolymerised to substances resembling in their pro¬ 
perties the so-called naphthenes.* 

In view of Ruzicka’s successful application of Atterberg’s 
method of dehydrogenation with sulphur to the elucidation of 
the structure of the sesquiterpenes, it is of interest to note that 
Budnikov and Schilov^ have found that a-pinene reacts with 
sulphur to give an additive-derivative which, from analogy with 
the ozonide, is given formula (CLXX). Although the compound 
itself could not be purified, it gave a crystalline rnethoiodide, 
m.p. 121°. 



(CLXX) 


Reference has been made already to the important derivative 
pinene nitroaochloride, and the constitution and reactions of this 
substance must now be discussed. Pinene nitrosochloride was 
first prepared by Tilden * by the action of nitrosyl chloride on the 
hydrocarbon, and its properties were subsequently studied by 
him in collaboration with Shenstone.* Some years later Wallach" 
simplified the preparation by substituting for nitrosyl chloride 
a mixture of amyl nitrite (or ethyl nitrite) and hydrochloric acid; 

♦ Steinkopf and Freund, JBer. 1914, 47, 411. 

^ Ber^ 1922, 55, 3848; compare Nakatsuohi, J,S.C.L Japan, 1930, 38, 408 b. 

^ J.C.8, 1875, 28, 614. • Ibid. 1877, 81, 664. 

Anndlen, 1888, 245, 201; 1889, 253, 261. 
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whilst this method is now in general use, the yield of nitroso- 
chloride is considerably smaller than that obtained by Tilden's 
original method.’^ Pinene nitrosocliloride can be purified by 
recrystallisation from either benzene or chloroform, but it is 
decomposed if heated for any length of time with either of these 
solvents. The melting-point as originally determined by Tilden 
and Shenstone was 103°, but according to Tilden this is too low. 
When well washed with alcohol and dried it melts at 109-111° 
and after recrystallisation from chloroform at 115°. Since the 
melting is accompanied by decomposition, it varies somewhat 
with the rate of heating and is, as a general rule, found to be about 
105-108°. 

In his early investigation it was observed by Tilden that the 
same pinene nitrosochloride, which was optically inactive, was 
obtained independent of whether d~ or /-a-pinene was used in its 
preparation, and, further, that the yield of nitrosochloride 
diminished with increase of the rotatory power of the terpene. 
The cause of this apparent anomaly has been found by Lynn^ to 
lie in the much greater solubility and instability of the optically 
active nitrosochlorides. By suitable modification of the experi¬ 
mental conditions Lynn has prepared the two optically active 
nitrosochlorides, m.p. 81-81*5°, [a]/, ±322°. 

In the absence of molecular weight determinations pinene 
nitrosochloride was given the simple formula CioHieONCl, and 
was represented as an oximino chloride (CLXXI).* Although 
this formula is in full accord with its reactions, it has been shown 
that, as originally suggested by Baeyer,* the colourless crystalline 
solid is bimolecular (CLXXII). 

The reactions of pinene nitrosochloride have been very 
thoroughly investigated and it has been found to yield products 
of great interest, many of which have been of fundamental 
importance in the development of terpene chemistry. In view 
of the somewhat indefinite melting-point of the nitrosochloride, 
Wallach’s observation," that it gave on treatment with organic 

Of. Tilden, J,C.8, 1904, 86, 760. 

t J, Amer. C»8, 1919, 41, 361; compare Thurber and Thielke, ibid. 1931, 63,1030. 

♦ The constitution of pinene had of course not been determined at the time of 
Tilden^s original experiments. 

» Ber. 1896, 28, 648. 

II Inter at., AnnaUn, 1888, 246, 253; 1889, 262, 130; 1892, 268, 216. 
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CH., CH3 

djci (!«i 




bases highly crystalUne nitroluinines, was of great value. With 
benzylainine the nitrolbenzylamim^ m.p. 122-123°, and with 
piperidine the nitrolpiperidide, m.p. 118-119°, can be prepared, the 
corresponding optically active modifications melting according 
to Lynn at 144-145° and 84° respectively. Leach* has prepared 
the simydest pinene nitrolarninty m.p. 137°, by treatment of the 
nitrosochloride with ammonia. When the nitrosochloride is 
treated with aniline under the usual conditions, however, con¬ 
trary to expectation Wallach ^ found that the j)arent hydrocarbon 
was regenerated. This abnormal and apparently unique reaction 
provided a valuable method for the preparation of pure dl-x- 
pinene free from jS-pinene, and, as mentioned on p. 118, enabled 
Baeyer to prove that nopinic acid was derived from the latter 
hydrocarbon. More recently Lynn by the use of this reaction has 
prepared d- and Z-a-pinenes from the optically active nitroso- 
chlorides. In an attempt to find an explanation for this ab¬ 
normality, the reaction has been studied in some detail by Earl 
and Kenner,* who have shown that, if the nitrosochloride is 
allowed to react with aniline in alcoholic solution in the presence 
of sodium acetate, pinene nitrolanilide, m.p. 122°, can be pre¬ 
pared. They consider the formation of the hydrocarbon to be due 
to the great tendency for elimination of hydrogen chloride to 
occur with formation of nitrosopinene and they offer a theoretical 
explanation to account for this. 

♦ J.C,S. 1907, 91.1. 

t Annahn, 1889, 252, 132; 1890, 258, 343. ' 

♦ J,CM. 1927, p. 1269, 
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The instability of pinene nitrosochloride and the facility with 
which it could be converted into nitroeopinene was observed by 
Tilden, who showed that this substance, which had the com¬ 
position C 1 QH 15 ON, m.p. 132^", could be readily prepared by the 
action of an alcoholic solution of potassium hydroxide on i^ie 
nitrosochloride. Wallach and Lorentz ^ found sodium ethoxide to 
be a more convenient reagent, wliilst Earl and Kenner observed 
that it was formed when the nitrosochloride was boiled with 
carbon tetrachloride. The constitution of nitrosopinene has been 
the subject of considerable controversy and it is only recently 
that definite proof of its structure has been obtained. Tilden 
considered it to be a true nitroso derivative and this view was, 
for a time, shared by Wallach,^ although Goldschmidt and Ziirrer * 
had pointed out that, since it was soluble in both acids and alkalis, 
it contained most probably an imnitroso group, confirmation of 
which was obtained by the preparation of a sodium derivative 
and a methyl ether. Further experimental evidence in favour of 
the isonitroso constitution was provided by the experiments of 
Urban and Kremers^ and of Kremers," who showed that on 
digestion with acids a mixture of hydroxylamine and carvacrol 
was obtained. This reaction evidently proceeded with the inter¬ 
mediate formation of carvoxhne hydrochloride, which Baeyer^ 
found was formed when nitrosopinene was treated in the cold 
with hydrogen chloride. The presence of an isonitroso group being 
thus established, the most obvious constitution was that repre¬ 
sented by (CLXXIII), simple elimination of hydrogen chloride 
from the nitrosochloride having occurred. This view of the 
mechanism of the reaction received support from the experiments 
of Deussen.’*^ He showed that nitrosopinene gave B>phenylurethane, 
m.p. 101 - 102 °, and that, when the nitrosochloride was treated 
with sodium methoxide, in addition to nitrosopinene, a methyl 
ether, C 11 H 19 O 2 N (CLXXIV), m.p. 101 - 102 °, was obtained. This 
substance, like nitrosopinene, must contain an i^onitroso group, 
since it gives a phenylurethane, m.p. 102 °, and on treatment with 
hydrogen chloride gives dl-carvoxime hydrochloride (CLXXV). 

* Annalen, 1892, 268, 198; compare Vitte, BvU. Irust. Pin, 1933, p. 216. 

t Ber. 1891, 24, 1547; 1895, 28. 1313. * im. 1885, 18. 2223. 

• Amer. Ohem. J. 1894,16, 404. » lUd. 1895,17, 607. 

J Ber. 1896, 29, 12. ** Annalen, 1910, 874, 110. 
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According to Deussen these reactions may be formulated: 
CH« CH 3 CH 3 

ici ici i.ocHs 



NaOCH, 


(CLXXII) 


(CLXXIV) 

HCl 



(CLXXIII) (CLXXVI) (CLXXV) 


Although this formula for nitrosopinene was generally 
accepted,"* it formed a notable exception to Bredt’s rule,^ that 
substances having an ethylenic linkage attached to the bridge¬ 
head of the dicycKc system were extremely unstable and tended 
to isomerise to a more stable form. Now nitrosopinene is a 
substance of very considerable stability. It can be reduced by 
zinc dust and acetic acid to the corresponding unsaturated amine, 
pinylamine* b.p. 90712 mm., 0*9440, which, 

accepting the formula (CLXXIII) for nitrosopinene, must be 

* Compare Wallach, Antudea, 1912, 389, 185. 

t Bar. 1902, 86 , 1286; /. pr. Chem. 1917 [ii], 96, 132. 

* WaUaeh, Annalen, 1890, 268, 346; 1892, 268, 197; 1898, 800, 287; 1906, 346, 
240. 
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(CLXXVI), Like nitrosopinene, pinylamine is a stable substance, 
which is not in agreement with this formula. Wallach * had shown 
that pinylamine on treatment with nitrous acid gave a secondary 
alcohol, thought to be pure pinocarveol (CLXXVII), from which 
by oxidation a product assumed to be pinocarvone (CLXXVIII) 
was prepared. The oxime from this melted at 98° and was riot 
identical with nitrosopinene; furthermore, on reduction it gave 
an amine, pinocarvylamine, different from pinylamine. Wallach’s 
view that nitrosopinene and pinocarvoxime had different struc¬ 
tures appeared to receive support from his further observation^ 
that when nitrosopinene was warmed with oxahc acid it gave a 
ketone, carvopinone, which reacted with hydroxylamine to yield 
nitrosopinene; it also gave a semicarbazone which melted above 


CH, 


CH, 


CH, 




O 



(CLXXVIII) 

CH, 



* Annakit, 1906, 346, 221. 


t Ibid. p. 231. 
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300^^ and was thus different from pinocarvone semicarbazone, 
m.p. 204®. Carvopinone was formulated as (CLXXIX). These 
substances all contained the cycZobutane ring, since on oxidation 
they gave pinic acid, and to account for their formation Wallach 
represented the changes occurring in accordance with the 
scheme shown on p. 183. 

The problem was reinvestigated by Ruzicka and Trebler* who 
found that when nitrosopinene is oxidised with ozone it yields 
imnitrosonopinone (CLXXX), whilst acetylpinylamine gives with 
the same reagent acetyl-l-aminonopinone (CLXXXI). These 
experiments prove conclusively that nitrosopinene and acetyl¬ 
pinylamine must be derivatives of j8-pinene and have formulae 
(CLXXXII) and (CLXXXIII) respectively. 


cu. 

I 



<CLXXX1I) 


CHjs 

I, 



CO 



(CLXXX) 

CO 



♦ Hdv, Chim. Acta, 1921, 4, 666. 
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In order to explain the results obtained by Wallach it was 
suggested by Ruzicka and Trebler that nitrosopinene and pino- 
carvoxime, pinylamine and pinocarvylamine were stereo-iso- 
merides and not structural isomerides. They retained formula 
(CLXXIX) for carvopinone, since it had only been obtained from 
nitrosopinene in very small yield, and when its semicarbazone 
was hydrolysed with oxalic acid isomerisation occurred to a 
considerable extent with the formation of carvone. 

Recently, however, it has been shown by Schmidt that certain 
inaccuracies in the experimental results outlined above have led 
to a somewhat remarkable series of errors. It is now clear, from 
evidence which is discussed more fully on p. 224, that the sub¬ 
stance which has hitherto been described as pinocarvone is in 
reality myrtenal (CLXXXIV) and it is therefore not surprising 
that the oxime, m.p. 98*^, now recognised to be myrtenal oxime, 
is not identical with nitrosopinene. As already mentioned, the 
latter substance was found by Wallach to be identical with the 
oxime of carvopinone, and this is explained by the fact that 
carvopinone’’ is actually the true pinocarvone (CLXXVIII). 
The action of nitrous acid on pinylamine (CLXXXVI) does not 
give pure pinocarveol (CLXXVII) but a mixture of alcohols, and 
it is ironic that Wallach was probably correct in his conclusion 
that the product was identical with his natural pinocarveol, since 
it is now known that pinocarveol is accompanied in Eucalyptus 
globulus by myrtenol (CLXXXV). The oxidation product would 
therefore contain both pinocarvone and myrtenal, and it is 
interesting to note that although Wallach isolated only one 
oxime, m.p. 98°, he obtained two semicarbazones, one melting at 
209°, and the other above 300°; furthermore, he suggested that 
the second was probably the same as “carvopinone” semicar¬ 
bazone, but the significance of this observation was apparently 
not realised. The fost semicarbazone is, of course, that of myr¬ 
tenal, whilst the high melting isomer is a true derivative of pino¬ 
carvone. The relationships of the compounds concerned may, 
therefore, be summarised in the scheme shown on p. 186. 

A number of interesting derivatives of pinene nitrosochloride 
have been prepared. Forster and Newman^ showed that when 

* Sehimmd’s Report, 1941, p. 50; Ghem, Zentr. 1942, i, 2530. 
t J.CM. 1911, 99, 244. 
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nu nw nwrk 



(CLXXVII) (CLXXXVI) (CLXXXV) 


it is treated with sodium azide it yields pinene nitrosoazide, 
C 10 H 16 ON 4 (CLXXXVII), m.p. 120 °. By the action of sodium 
ethoxide the azide is converted into nitrosopinene, whilst on 
digestion with water it gives a mixture of hydroxydihydro- 
carvoxime (CLXXXVIII) and an isomeric pinene nitrosoazide, 
m.p. 126°, which Forster and Newman considered to be the 
structural isomeride (CLXXXIX), since it also gives nitroso¬ 
pinene when treated with sodium ethoxide. This constitution 
would, however, appear unlikely and the two isomerides are 
much more probably stereoisomerides. 

By the action of potassium cyanide on pinene nitrosochloride 
Tilden and Burrows^ prepared a nitrile^ CiiHieON 2 , m.p. 171°, 

♦ J.C.S. 1905, 87, 344; compare Tilden and Blyther, ibid. 1906, 89, 1663. 



CH. Ill 


PINANE AND ITS DERIVATIVES 


187 


which doubtless has formula (CXC), simple replacement of the 
halogen atom by the cyano group having occurred. The nitrile is 
readily soluble in alkah and may be characterised by the pre¬ 
paration of the methyl ether, m.p. 67°, and the benzoyl derivative, 
m.p. 102°. The cyano group is very resistant to hydrolytic agents, 
but with concentrated sulphuric acid it yields an amide, m.p. 220°, 
which in the absence of any isomeric change must have formula 
(CXCI). The corresponding acid could not be prepared, further 
hydrolysis being accompanied by ring fission; the nature of the 
products has only been incompletely investigated and their con¬ 
stitution has not been determined. 



(CLXXXVII) 


CH, 

:NOH 

h,(!j in, 

i.OH 

(CLXXXVIII) 





Leach* found that with potassium cyanate pinene nitroso- 
chloride reacts in a somewhat different manner, two molecules 


* J,C,8, 1907, 71, 10. 
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of the cyanate reacting with one of the nitrosochloride to give 
an imide (CXCIII), m.p. 238-240°. This imide results probably 
from the combined action of free cyanic acid and potassium 
cyanate on the nitrosochloride, the intermediate product (CXCII) 
being first formed. The imide is remarkably stable to oxidising 
agents, but with concentrated sulphuric acid it yields pinene 
nitrolamine, and with alkali nitrosopinene. 


CH3 

Cl 


CHa 

i.N;C:0 



l\ 



(cxcni) 


Cusmano’*' studied the action of hydroxylamine on pinene 
nitrosochloride and found it to yield pinene hydroxylamino-oxirm 
(CXCIV), m.p. 140°. This interesting substance gives with nitrous 
acid the iBonitroamino-oxime (CXCV), m.p. 127°, which, when 
warmed with water or dilute acetic acid, is converted into 
hydroxydihydrocarvoxime (CXCVI), and with alkali into a mixture 


* Oazzetta, 1910, 40, n, 122. 
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of hydroxyjdnommphmeoximt (CXCVII), m.p. 128°, and nitroso- 
pinene. It undergoes coupling reaction with diazonium salts.’^ 




IH 3 C.C.CH 3 I 
H 3 O I CH., 



(CXCVIII) (CXCIX) 

* d'Ambrosio, Gazzetta, 1932, 62, 271. 
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Finally, mention must be made of the experiments of Tilden 
and Stokes* on the action of methyl magnesium iodide on the 
nitrosochloride. This reagent is found to react with both the 
halogen atom and the i^onitroso group, 3 delding methylpino- 
camphoneoxime (CXCVIII), m.p. 193°, e^nd chlorodihydrodimethyU 
pinylamine (CXCIX), m.p. 122°. 

With maleic anhydride, a-pinene slowly forms an adduct, of 
which the free dibasic acid has m.p. 169°. With maleic acid, 
however, a vigorous reaction occurs, to give the adduct of 
a-terpinene (Vol. i, p. 186). 

Lextreit^ made the somewhat remarkable observation that 
pinene combined with picric acid to yield a crystalline derivative, 
m.p. 133°, which was decomposed by alkali yielding borneol. 
This compound was investigated subsequently by Tilden and 
Forster,* who showed that when it was heated above its melting- 
point it decomposed with the formation of camphene, a reaction 
which occurred also when its solution in pyridine was distilled. 
These reactions leave no doubt that ‘‘pinene picrate” is not a 
derivative of a-pineiie, and this has been confirmed by the more 
recent experiments of Del6pine and Adida,* who have shown that 
by the interaction of the optically active forms of a-pinone with 
picric acid in benzene solution at 120° it is possible to prepare 
d-bornyl picrate, m.p. 134°, [a] 2 ) +78°, and d-fenchyl picrate, 
m.p. 106°, [aJ/j, + 22° (or their optical enantiomorphs), which can 
be separated by fractional crystalhsation. 

According to Alder and Stein" a-pinene reacts with phenylazide 
to give a compound CigHgiNg, m.p. 77°. An addition compound 
of a-pinene and hydroferrocyanic acid has been described by 
Stephan and Hammerich.^ 

Owing to its tendency to isomerise a-pinene has not been used 
in many synthetical investigations, and reference need only be 
made to the experiments of Buchner and Rehorst,** in which they 
condensed the hydrocarbon with ethyl diazoacetate and pre¬ 
pared the tricyclic ester (OC), b.p. 135°/12‘5 mm., d]!'' 1‘0059, 

J.C.8. 1905, 87, 836. t CompU rmd, 1886,102, 556. 

* J.C,S, 1893, 68, 1388; compare Murayama and Otsuka, J. Pharm, Japan, 
1924, 613, 909., 

9 BuU, 8oc. chim. 1926 [iv], 89, 782. 

I! Annalen, 1936, 616, 175. 

5 J. pr. Chem, 1931 [ii], 129, 286. Ber. 1913, 46, 2680. 
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njy 1-4828, which gave on hydrolysis the corresponding acid, 
m.p. 166°. Oxidation of this acid with potassium permanganate 
gave terebic acid and methylcyGlopropane-l:2:S-tricarboxylic 
acid (CCI), m.p. 192°. 



CHs 

io^fi 

(CCI) 


^•PINENE {NOPINENE) 
CHs 

II 



i-jS-Pinene occurs in nature in the majority of the oils in which 
a-pinene is foimd; the percentage present however is very 
variable, and is, as a rule, considerably lower than that of the 
latter. The dextrorotatory hydrocarbon has apparently only 
been separated from two oils, ftutovski and Vinogradova* having 
established its presence in the oil from the ripe fruits of Ferula 
galbaniflva, and Nelsont having obtained it from the volatile oil 

* J. pr. Chem. 1028 [ii], 120, 44. t J. Amer. C.S. 1033, 68, 3400. 
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of Cynomarathrum nuttallii; in every other case the natural 
hydrocarbon has been found to be laevorotatory. 

Since jS-pinene does not yield any crystalline derivatives and 
can only be separated from a-pinene by prolonged fractional 
distillation, it is not surprising that its discovery was fortuitous. 
During his investigation of the products formed by the oxidation 
of French oil of turpentine with potassium permanganate, 
Baeyer^ obtained in small quantity an acid which gave a sparingly 
soluble sodium salt. This acid, nopinic acid, CjoHigOa, m.p. 126- 
127°, [a];j — 16*28° (in ether), was not formed when pure aq^inene 
(from the nitrosochloride) was oxidised under similar conditions, 
and Baeyer naturally suggested that it originated from another 
hydrocarbon. Shortly afterwards, from a study of its reactions, 
Baeyer and Villigcr^ correctly deduced that it must be repre¬ 
sented by formula (II), but they concluded, incorrectly, that it 
was formed from a-pinene (I) by simultaneous oxidation of the 
methyl group with addition of water to the ethylenic linkage. 


CHg COgH 

C C.OH 



Nopinic acid was isolated also by Tiemann and Semmler* and 
by Wagner and Ertschikowski.* 

Baeyer and Villiger based their formula for nopinic acid on the 
following evidence. When the acid was oxidised with lead 
peroxide it gave a ketone, nopinone, C 9 H 14 O, and it was therefore 
an a-hydroxy acid. Nopinone was a saturated ketone and gave 
on oxidation with nitric acid homoterpenylic acid (IV), a reaction 


* Ber, 1896, 29, 26. 

* Ibid. p. 632. 


t Ibid. p. 1923. 
« Ibid. p. 881. 
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which was explained most simply if nopinone was the dicyclic 
ketone (III). 

On digestion with dilute sulphuric acid nopinic acid gives by 
fission of the ci/ciSobutane ring an acid, C 10 H 14 O 2 , m.p. 130-133°, 
which must be a dihydrocumic acid, since on oxidation with 
potassium ferricyanide cumic acid (V) is obtained. The constitu¬ 
tion of the dihydro-acid has not been determined, but one of the 



ethylenic linkages is probably in the A^-position. Ring fission 
also occurs when nopinic acid is treated with hydrogen bromide 
in acetic acid solution, a bromotelrahydrocumic acid, CjoHigOgBr, 
m.p. 175°, being obtained. The constitution of this acid has also 
not been determined, but treatment with silver acetate results 
in the formation of a second dihydrocumic acid, m.p. 125°, from 
which cumic acid can be prepared by oxidation with potassium 
ferricyanide. These experiments, yielding as they did cumic acid 
and homoterpenylic acid, showed that the isopropyl group must 
form part of the ring structure in nopinic acid and nopinone, and 

ST ii 


13 



194 


PINANE AND ITS DERIVATIVES 


supported therefore the formulae suggested by Baeyer and Vii- 
liger. Although subsequent investigations have shown that these 
formulae are correct, the further assumption, that the hydroxy 
acid was derived from a-pinene, has been shown to be erroneous. 
Wagner and Slawinski were apparently the first to point out 
that the acid was more probably derived from an isomeric hydro¬ 
carbon containing an exocychc ethylenic linkage. This hydio- 
carbon, to which the name j 8 -pinene or nopinene was given, was 
not however obtained pure until many years later, but confirma¬ 
tory evidence of its existence was furnished by the observation 
that nopinic acid, whether prepared from dextro- or laevo- 
rotatory oil of turpentine, was always laevorotatory. Although 
nopinone was first characterised by Baeyer and Villiger, who 
prepared the semicarbazone, m.p. 188°, it had actually been 
isolated previously from the neutral oxidation products of oil of 
turpentine which were volatile in stoarn.^ The further investiga¬ 
tion of the reactions of this ketone has been due mainly to 
Wallach. He found that it could be prepared much more con¬ 
veniently from nopinic acid, if an acid solution of potassium 
permanganate was used in place of lead peroxide.* The ketone, 
which melts somewhat above 0 °, has the following constants :* 
b.p. 209°, 0*981, 1*4787, -h 18*48°, yields a mono- 

benzylidene derivative, m.p. 106-107°," but, if hydrogen chloride 
is used as the condensing agent, a chlorodibenzylidene derivative, 
m.p. 148-149°, is obtained, which has the structure (VI).^ 

When nopinone is treated with hydrogen chloride in alcoholic 
solution, ring fission, together with condensation, occurs with 
the formation of a bimolecular trichloride, C 18 H 29 OCI 3 , m.p. 148°, 
to which Wallach and Blumann^* assign formula (VII). This 
trichloride is very sparingly soluble and is well suited for the 
characterisation of the ketone. On treatment with sodium 
methoxide the trichloride loses hydrogen chloride, yielding a 
dichloride, CigHasOCla, m.p. 125-126°, which is reconverted by 
hydrogen chloride into the trichloride. The tendency for nopinone 
to yield monocyclic derivatives is shown further by its conversion 

Btr. 1899, 32, 2082. 

+ Compare Wallach, Annalen, 1900, 313, 363. * Annalen, 1907, 366, 231. 

* Compare Ostling, J.C,S. 1912,101, 474. 

« WaUaoh, Annalen, 1900. 318, 363. 1 Ibid. 1924, 437, 188. 

♦♦ Annalen, 1907, 366, 231. 





On reduction with sodium in moist ethereal solution nopinone 
yields a mixture of two alcohols, a- and jS-nopinol (X).^ These two 

* Rimini, Otnzetta, 1916, 46, n, 119. 

^ Wallaoh and Blumann, Ann^en, 1907, 356, 236. 

T^-2 
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alcohols are probably stereoisomerides. OL-Nopinol, m.p. 102°, 
b.p. 204-205°, [a]^ —5*32° (in ether), yields a phenylurethane, 
m.p. 131-132°, whilst ^-nopinol is an oil, [a]p —15*03° (in ether), 
the phenylurethane melting at 95-96°. Nopinone has been used 
in a number of synthetical investigations, the most important of 
which was that which culminated in a partial synthesis of j3- 
pinene. Wallach’^ showed that, when the ketone was treated with 
methyl magnesium iodide, Vmtihylnopinol (XI), m.p. 58-59°, 
b.p. 204-205°, [ajj) —4*99°, was obtained. It was not however 
found possible to dehydrate this. With phosphorus pentachloride 
a monochloride, b.p. 95-105°/12 mm., is formed, which was con¬ 
sidered by Wallach to be pinene hydrochloride (XII), but in view 
of the instability of this substance (see p. 172) this is undoubtedly 
incorrect, and the substance was probably dipentene monohydro¬ 
chloride (XIII), since it is known ^ that dipentene is formed by the 
action of hydrogen chloride on methylnopinol. 



Wallach^ succeeded, however, in effecting a partial synthesis 
of j3-pinene from nopinone by another process. By condensation 
of the ketone with ethyl bromoacetate in the presence of zinc, 
ethyl nopinolacetate was prepared, which on hydrolysis gave the 
corresponding hydroxy acid (XIV). Distillation of the crude acid 
under diminished pressure yields a terpene, b.p. 155-161°, 
0*863, Tip “ 1*4699, [a]jp -f 15*93°, consisting essentially of 
l-OL-fenchene (p. 538). If, however, the pure acid, m.p, 83-85°, is 

♦ Annalen, 1907, 860, 234; 1908, 360, 88. 

+ Lipp and Steinbrink, J. pr. 1937 [iij, 149, 107. 

* Anntdm, 1907, 867, 49; 1908, 868, 9. 
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dehydrated with sodium hydrogen sulphate, pure hp-pinene 
(XV) is obtained. The synthetic hydrocarbon boiled at 162-163®, 
0*8660, 1*4724, [a]^ —22*2®, and its constitution was 

established by oxidation to Z-nopinic acid, m.p. 126-127®, 

[a]j 3 - 16 * 02 ®. 

CHj.COjH CHg 

CO c.oH c; 



(XVII) (XVI) 


Although a partial synthesis of j3-pinene had thus been 
achieved, there was no direct evidence of the presence of a cyclo- 
butane ring in nopinone, since neither nopinone nor jS-pinene 
yield on oxidation any acids of the pinic acid series. The ready 
conversion of jS-pinene into a-pinene afforded, however, very 
strong evidence of the correctness of the dicyclic structure. It 
is only recently that j8-pinene has been synthesised* by the 

♦ Bonnet, BttU, InsL Pin, 1938, pp. 217, 241; 1939, p. 1. 
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elimination of hydrogen chloride from 7-chloropinane (XVI) 
(see p. 104). Although several attempts have been made, nopinone 
has not yet been prepared synthetically.^ 

Dupont^ has prepared very pure Z-jS-pinene by the fractional 
distillation of French oil of turpentine. The constants of the hydro¬ 
carbon from this source, 0-874, 1-4872, [a] 2 > —22-44°, 

are in good agreement with those found by Wallach for 
the synthetic terpene. It crystallises at —75° with a velocity 
of 196 mm. per minute. 

The rotatory dispersion has been studied by Servant* and by 
Padmanabhan and Jatkar.® 

j8-Pinene is usually identified by oxidation to nopinic acid, the 
characteristic sparingly soluble sodium salt of which can be 
readily separated; the most suitable conditions for carrying out 
this oxidation have been described by Dupont and Brus." 

In its general reactions ^-pinene resembles very closely a- 
pinene, but investigation is hampered by the difficulty of effecting 
a complete separation of the two hydrocarbons. The only con¬ 
venient method is prolonged fractional distillation, although 
AusterweiD has suggested taking advantage of the greater solu¬ 
bility of ^-pinene in alcohol. In 72 per cent, alcohol a-pinene has 
a solubility of 2 per cent, and j8-pinene of 9 per cent., whilst in 
65 per cent, alcohol at 15° it is 0-6 and 3-3 per cent., respectively. 
If large quantities of material are available, this process could 
probably be applied successfully. A further difficulty in investi¬ 
gating the reactions of j5-pinene lies in the great tendency which 
it shows to isomerise to a-pinene. AusterweiP* has shown that, 
when it is heated with rosin at 160° for 15 to 20 hours, over 
70 per cent, is isomerised. The change does not appear to be 
reversible and other catalysts are even more effective, since 
Richter and Wolff** have found that when j8-pinene is shaken 
with platinum black, which has been previously saturated with 
hydrogen, a similar isomerisation occurs. When heated under 

Compare Perkin and Simonsen, J,C,8, 1907, 91, 1736; Guha and Ganapathi, 
Ber, 1936, 69, 1185. 

t Ann, Chim, 1924 [x], 1, 184; compare Darmois, ibid, 1911 [vUi], 22, 527; 
Pariselle, C<mpL rend, 1921,172, 1496; Fuguitt, Stalloup and Hawkins, J, Amer, 
0,S, 1042, 64, 2978. 

Campt, rend, 1932,194, 368. « J, /n^. C,8. 1935,12, 518. 

Ann, Chim, 1923 [ix], 19, 186; cf. Ihipont, BvU, Inet, Pin, 1929, p. 269. 

7 G,P, 427418. ♦♦ BuU, 8oc, chim, 1926 [iv], 89, 1643. tt Ber. 1926, 69, 1733. 
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pressure at 270° polymerisation to a diterpene, b.p. 170-186°/ 

10 inm., 0-8950, 1-5095, [ajp -3-5°, occurs.* 

The thermal isomerisation of jS-pinene in the vapour phase 
over glass at 350° gives a 70 per cent, yield of myrcene (XVII) 
together with a small amount of limonene. Unlike a-pinene (see 
p. 134) it gives no allo-ocimene^ 

Vavon* and Lipp * have shown that on catalytic hydrogenation 
j3-pinene behaves like a-pinene and 3 nelds pinane (p. ) 102 —a 
further ])roof that the two hydrocarbons contain the same ring 
structures. 

On autoxidation in the presence of catalysts jS-pinene yields 
a mixture of d-pinocarveol, \-myrtenol and \-myrtenal}^ Oxidation 
with selenium dioxide gives d-pinocarveol, d-pinocarvone and 
hmyrtenal^ The names of the products have been corrected in 
accordance with the findings of Schmidt** (see p. 221 ); it is not 
unlikely that Z-myrtenol also is present. The first pair are 
evidently formed by normal a-methylenic oxidation, whilst the 
myrtenol can be accounted for most readily by assuming a partial 
isomerisation of j3-pinene into a-pinene during the reaction. 

The oxidation of jS-pinene with ozone has been investigated by 
Brus and Peyresblauques and by Schmidt.*^ The ozonolysis 
proceeds smoothly and in the manner anticipated, yielding 
formaldehyde and nopinone in a yield of approximately 50 per 
cent. A small quantity of a lactone, C 9 H 14 O 2 , m.p. 126-127°, is 
also formed; the constitution of this has not been determined. 
The d-nopinone, so obtained, is probably optically pure, since in 
these independent investigations the rotatory powers of the 
ketone were [a]^) -f 18-2° and -f 18-4° respectively. 

Henderson and Chisholm** have examined the products which 
are formed when j 8 -pinene is oxidised with hydrogen peroxide. 
The oxidation proceeds in a somewhat different manner to that 
of a-pinene (p. 142), yielding a mixture of borneol (XIX), fenchyl 

♦ Semmler and Jonas, Ber. 1913, 46, 1567; 1914, 47, 2078. 

+ Groldblatt and Palkin, J. Amer. C. 8 , 1941, 63, 3517; U.S.P. 2420131; compare 
Arbusov, Brit, Chem, Abstr, a, 1936, p. 607. 

* Compt. rend, 1910,160, 1127, 1428. » Ber, 1923, 66, 2098. 

11 Schmidt, Ber, 1930, 68, 1130; Chem, Zentr, 1942, i, 2531. 

5 Stallcup and Hawtos, J. Amer. CM, 1941, 63, 3339; 1942, 64, 1807; Joshel 
and Palkin, ibid, 1942, 64, 1008; compare Dupont, Allard and Dulon, BvU, 80 c, 
ehim, 1933 fiv], 63, 599; Zacharewicz, Chem, Zentr, 1938, i, 3206. ** Loe, cit, 

+t Compt, rend, 1928,187, 984; Brus, BtUl, Inst, Pm, 1929, p. 271. 

« Z, angew, Chem, 1929, 42,126. « J,C, 8 , 1924,126, 107. 
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alcohol (XX), and possibly a polyhydric alcohol, which was not 
investigated. Hydrogen peroxide acts, therefore, as a hydrating 
agent, since both borneol and fenchyl alcohol result from the 
hydration of oil of turpentine.^ The mechanism of the formation 
of these alcohols from the primary hydration product (XVIII) 
has already been discussed (p. 156). 



(XX) 


By the oxidation of j8-pinene with perbenzoic acid, ^-pinene 
oxide (XXI), b.p. 98-99733 mm., d|r 0-963, 1-4756, 

4 “ 2-9°, may be obtained.^ By distillation over pumice, or by 
heating with zinc chloride, it is converted into dihydromyrtenal 
(XXII), b.p. 207-208°, d}^^ 0-9623, nj)** 1-4812 {semicarbazone, 
m.p. 152-153°). The oxide reacts with methyl magnesium iodide 
to give a product, b.p. 132-134°/30 mm., d|oo 0-9676,1*4887, 
which was considered by Prileschaev and Prokoptschuk to be 

Compare Bouohardat and Lafont, Compt rend, 1898, 126, 756; Barbier and 
Orignard, Bvll, Soc, chim. 1909 [iv], 5, 512, 519. 

+ Faidutti, Compt, rend, 1929, 189, 865; Prileschaev and Prokoptschuk, Chem, 
Zenir, 1934, n, 2386; Arbusov, ibid, 1939, u, 1079. 
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A^-^-menthen-7-ol (XXIII), but this is most unlikely, and it is 
more probably dihydromyHenylmethylmrbinol ,(XXIV), formed 
from the intermediate dihydromyrtenal. 



CHO 

ia 




CH2OH 

i 

/\ 

H^C CH 

kJ) in, 
in 


(XXIII) 


CH(0H).CH3 CHjOH 

in i.OH 




Although the main product formed by the oxidation of jS- 
pinene with potassium permanganate is i-nopinic acid, which 
according to Brus* is optically pure, —15*8° (in alcohol 
c=I0), two other products, nopinone and jS-pinene glycol 
(XXV), m.p. 76-78°, are also formed. The glycol was first pre¬ 
pared by Wagner^ by oxidation of oil of turpentine, and its 
derivation from j3-pinene was subsequently established by 
Wallach.* When it is warmed with dilute acids it gives a mixture 
of pinol and an aldehyde which is probably dihydromyrtenal 
(XXII) though this has not been confirmed. 

♦ GompU rend, 1924,179, 501. t B&r, 1894, 27, 2274. 

^ Annalen^ 1908, 363, 11. 
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Henderson and Chisholm* have shown that with chromyl 
chloride j 8 -pinene reacts in a similar manner to a-pinene, yielding 
an additive compound, CjoHie, 2 Cr 02 Cl 2 , which is decomposed 
by water, yielding a ketone^ C 9 H 14 O, identical with that prepared 
from a-pinene (p. 144); in addition, a mixture of aldehydes and 
dl-trans-pmoigrii/co?, m.p. 125°, is formed. 

jS-Pinene does not yield any crystalline dihalogen derivatives, 
the action of chlorine and bromine giving, as Brus^ has shown, 
bomyl chloride and bromide respectively. These are evidently 
secondary products formed by the action of the hydrogen halides 
on the hydrocarbon, since it has been shown by many investi¬ 
gators* that with the halogen acids jS-pinene behaves in exactly 
the same manner as a-pinene (p. 170). Aschan* has shown that 
j 8 -pinene yields, when treated with hydrogen chloride at a low 
temperature (compare j). 171), pinene hydrochloride. Since this 
substance yields on treatment with aniline a-pinene, this is a 
direct synthesis of a-pinene from jS-pinene. 

With hypochlorous acid jS-pinene reacts in a similar manner to 
a-pinene. Henderson and Kerr" have prepared by the action of 
this reagent three crystalline dichlorohydrins, which are probably 
dichhro-'p-menthanediols] they melt at 135°, 166° and 131° 
respectively. Owing to the poor yield and the difficulty of 
separating these isomerides it has not proved possible to deter¬ 
mine their constitution, but the dichlorohydrin, m.p. 135°, is 
possibly represented by (XXVI) since both the hydroxy groups 
appear to be tertiary, and on treatment wdth alkali it yields a 
menochlorohydrin, m.p. 125°, probably (XXVII), since it is not 
identical with pinol monochlorohydrin. 

Considerable attention has been devoted to the subject of the 
hydration of jS-pinene, and there has been much discussion, 
especially amongst the French workers, as to whether a- and 
j 8 -pinene behave similarly on treatment with hydrating agents, 
dilute mineral acids and organic acids. As has been mentioned 
already (p. 165), a-pinene yields a mixture of monocyclic ter- 
penes, a-terpineol, bomeol and fenchyl alcohol, and it has been 

♦ 1924,125, 107. t Compt, rend, 1928,186, 240. 

^ Inter at., WaUaoh, AnnaUn, 1908, 868, 9; Pariselle, Compt, rend, 1921, 172, 
1496. 

• Naphtenverhindungenf Terpme und Campherarten, p. 195. 

II J,C,8. 1924,126, 103. 
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(XXVI) (XXVII) 

suggested that the dicyclic alcohols are formed in greater amount 
from j8-pinene. The most recent experiments, which have been 
carried out by Austerweil and his collaborators using benzoic 
acid as the hydrating agent, have led to the conclusions (i) that 
in all cases of hydration jS-pinene is partially converted into 
a-pinene, (ii) that the hydration of a- and j3-pinenes gives products 
which are qualitatively the same, but quantitatively different. 
With )8-pinene the dicyclic alcohols, borneol, i^oborneol and 
fenchyl alcohol are the main products, comparatively little a- 
terpineol (and monocyclic hydrocarbons) being formed. This 
factor is one of considerable technical importance in view of the 
use of isohoTneol for the preparation of sjmthetic camphor. 

Whilst dilute mineral acids hydrate j8-pinene. Brooks and 
Humphrey^ have shown that, with concentrated sulphuric acid 
(85 per cent.) at 0°, polymerisation occurs with the formation of 
hydrocarbons of the composition C^oHgg and C 8 oH 4 g. In con¬ 
nection with the hydration of )S-pinene it is of interest to note that 
Del^pine and Adida* have found that with picric acid j8-pinene 
reacts in exactly the same way as a-pinene, yielding bornyl and 
fenchyl picrates. 

Although the fact was not recognised until much later, the 
first true derivative of j8-pinene was prepared by Pesci and 
Bettelli,* who obtained ^-pinene nitrosite (XXVIII) by the action 
of nitrous acid on oil of turpentine. When this substance, which 
was an oil, was distilled in steam, a strongly laevorotatory liquid 

♦ BvU, 8oc, chim, 1926 [iv], 89, 690,1732; 1927 [iv], 41,1088, 1507; 1930 [iv], 47, 
1167; compare inter at,., WaUaoh, AnnaUn, 1908,868,9; Dupont, Chim. et Ind. 1922, 
8 , 666 ; Dd^pine, Compl. rend. 1924,178, 2087. t J. Amex. G.8. 1918. 40, 844. 

* BuU. Soc. chim. 1926 [iv], 89, 782. • Omaetta. 1886,16, 337. 
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^‘nitroterebenthine”, wa?i obtained. This reaction was studied 
subsequently by Wallach and Isaac,* who found that nitropinene 
(nitroterebenthine) (XXIX) gave on reduction with zinc dust in 
acetic acid solution an amine, aminopinene (XXX), b.p. 95°/12 
mrn., 0*9325, 1*4960, which was laevorotatory and could 

be characterised by the preparation of the crystalline trimethyl- 
ammonium iodide, m.p. 198°. Aminopinene is very unstable and 
yields, with nitrous acid, the monocyclic alcohol (XXXI) which 
gives on oxidation with chromic acid a mixture of cuminaldehyde 
and cumic acid (XXXII). Although the constitutions of nitro- 
pinene and its derivatives have not been rigidly proved, there 
would appear to be little doubt that the reactions outlined above 
proceed in accordance with the following scheme: 



(XXXII) (XXXI) (XXX) 


* Annalen, 1906, 346, 243. 
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An addition compound of j3-pinene with hydroferrocyanic acid 
has been described by Stephen and Hammerich.’*' 
j8-Pinene condenses with formaldehyde to give the alcohol 
(XXXIII), b.p. 110*5710 mm., 0*9647, 1*4920, 

— 36*6°, which has been termed the formation of this 

substance involves a migration of the ethylenic linkage into the 
ring. 

CHj.CHjOH 



(XXXIII) 


B. ALCOHOLS 

PINOGAMPHEOL 


CH, 

in 



The secondary alcohol, Z-pinocampheol, has been found by 
Rutovski and Vinagradova* to occur in oil of hyssop (from 

* J. pr. Chem. 1931 [ii], 129, 285. t Bain, J. Amer. C.S. 1946, 68, 638. 

* Trans, sci, chem-pharm, Inst, Moscow, 1924 [10], 22. 
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Hyasopus officinalis), d/-Pinocampheol (I) was prepared by 
Wallach and Smythe* by the reduction of di-pinocamphone (II) 
(p. 231) with sodium in moist ethereal solution, by the reduction 
of pinocarvone (III)^ and by the catalytic hydrogenation of 
dl-pinocarveol (IV) (p. 222).* Tilden and Shepheard* have also 
described its preparation from pinocamphylamine (V) by the 
action of nitrous acid. Later, Z-pinocampheol was prepared by 
Gildemeister and Kohler" by the reduction of Z-pinocamphone, 
and it has also been obtained by the reduction of Z-1-hydroxy« 
pinocamphone (VI) with sodium and alcohol.^ 



(V) (I) (VI) 

* Anmlen, 1898, 300, 288. 

+ Wallach, Annalen, 1906, 346, 231; the ketone was at that time termed carvo* 
pinone (see p. 240). 

*■ Wallach and Ost, Anfidlen, 1912, 389, 186. » J,C,8, 1906, 89, 1663. 

» WalUtch Featachrift, 1909, p. 414. 5 Kuwata, J, Amer, C,S, 1937, 69, 2609. 
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The constitution of pinocampheol follows directly from its 
preparation by the reduction of pinocamphone and its conversion 
into this ketone on oxidation. 

di-Pinocampheol, as usually prepared, has b.p. 218-219'^, 
0-965, ^ 1-4861, and is an oil with an odour resembling that 

of a-terpineol, whilst the laevorotatory alcohol, prepared by 
Gildemeister and Kohler, is crystalline, m.p. 67-68°, b.p. 217- 
218°, 0-9678, 1-4842, [a]£) —44-38°. The natural alcohol 

has somewhat different constants, m.p. 56-57°, 0-9501, 

1-4888, [a] 2 ) —45-63°, and is a stereoisomeride of that pre¬ 
pared from Z-pinocamphone. 

The configurational relationships of the optically active and 
inactive alcohols have only recently been investigated. Pino¬ 
campheol can exist in the four stereoisomeric forms (la-d), all 
of which have now been isolated by Schmidt following the 
nomenclature adopted in the menthol series (Vol. i, p. 233) these 
have been named 'pinocampheol, neopinocampheol, impino- 
campheol, and neoi&opinocampheol, respectively. On oxidation, 
the first pair both give pinocamphone (IIa), whilst (Ic) 
and (Id) give i^opinocamphone (IIb) (see p. 208), and this 
evidence, taken in conjunction with studies on the rates of 
saponification of esters, and of dehydration of the alcohols, 
leads to the particular allocations of structures shown in the 
formulae on p. 208. 

Pinocampheol (la) is formed predominantly by reduction of 
either pinocamphone or i^opinocamphone with sodium and 
alcohol; if, on the other hand, pinocamphone is hydrogenated 
over nickel at 130°, neopinocampheol can be isolated from the 
reaction products by virtue of the sparing solubility of its 
hydrogen phthalate. i^oPinocampheol and neoi^opinocampheol 
are obtained in practically pure condition by hydrogenation of 
tra'ns- and ci^-pinocarveols (p. 222) respectively; Z-wopinocam- 
pheol is identical with the natural alcohol. The properties of the 
stereoisomerides, and of some derivatives, are given in the table 
on page 209.^ 

* Schmidt and Schulz, SchimmeVs Report, 1934, p. 97; Schmidt, Schulz and Doll, 
ibid. 1940, p. 38; Schmidt, Ber. 1944, 77, 544. 
t Bonnet {BvU. Inst. Pin, 1938, p. 241) has obtained a pinocampheol, m.p. 
hydrogen phthalate, m.p. 109-110°, from 2-chloropmane, but its stereochemical 
homogeneity is doubtful. 
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M.p. of derivative 










dS 

. 

Pinocampheol 

M.p. 

B.p. 

^16® 


[«h 

in 

benzene 

Phenyl- 

urethan 

^ § 

H 

Hydroge 

phthaia 

© o 
s -£3 
o£r 
^ S 

d~ and U 

67^ 

217° 

()-9726 

1-4877 

±72° 

77° 

91° 

111° 

72° 

dl- 

36° 

217° 

0-9680 

— 

± 0° 

99° 

— 

113° 

— 

d- and hneo- 

27° 

216° 

0-9735 

1-4882 

±17° 

Liq. 

148° 

147° 

73° 

dl-neo- 

ir 

— 

— 

— 

± 0° 

— 

— 

— 

d- and l-iao~ 

57° 

219° 

0-9720 

1-4865 

±32° 

Liq. 

88° 

126° 

Liq. 

dl-iso- 

42° 

219° 

0-9730 

1-4850 

± 0° 

— 

— 

— 

d-neoiso- 

48° 

217° 

0-9770 

1-4920 

+ 36° 

Liq. 

88° 

120° 

o 

CO 


A dhmethylxanthate (VII), m.p. 60*5-61°, was prepared by 
Tschugaev,*^ the corresponding laevorotatory derivative, m.p. 
36-37°, having been described by Gildemeister and Kohler. The 
methylxanthate decomposes when heated to 170-190°, yielding 
a mixture of oi-pinene (VIII) and b-pinene (IX), the hydrocarbons 
prepared from the optically active xanthate being slightly active. 



The presence of these two terpenes was proved (i) by the pre¬ 
paration of pinene nitrosochloride, and (ii) by oxidation with 
potassium permanganate, when a mixture of pinonic acid and 
pinocamphoric acid was obtained. Although, according to 
Gildemeister and Kohler, very little a-pinene is formed, the 
reaction is of particular interest, since it afforded the first partial 
synthesis of this important hydrocarbon. A similar mixture is 
obtained by the action of sodium ethoxide on pinocamphyl 
p-toluene sulphonate.^ 

* J. Buss, Phys. Cham. Soc, 1907, 39, 1330. 
t Schmidt, Chem, Ber, 1947, 80, 620. 

STii 


14 


sulphonate 
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MYRTENOL 


CH*OH 

C 



The primary unsaturated alcohol, d-myrtenol, CioH^eO, was 
separated from the essential oil derived from the leaves and 
flowers of Myrtus communis L. (myrtle oil) by Soden and Elze’^ 
and its constitution was determined by Semmler and Bartelt,^ 
who showed it to be a derivative of a-pinene. 

More recently it has been isolated from the essential oil present 
in Darwinia grandiflora and other shrubs* from Chamaecyparis 
formosensis Matsum (accompanied in this instance by dihydro- 
myrtenol^) and from Eucalyptus globulus} 

The alcohol was isolated from the higher boiling fraction of the 
oils by taking advantage of the facility with which it combines 
with phthalic anhydride to yield a crystalline hydrogen phtJialate,^ 
from which it can be regenerated by hydrolysis with alkali. The 
constitution was determined by two distinct methods. 

When the alcohol, dissolved in light petroleum, was treated 
with phosphorus pentachloride a chloride, d-myrtenyl chloride, 
b.p, 90712 mm., 1*016, 1*4976, [a]^) +24"^, was obtained, 

which on reduction with sodium and alcohol gave mainly d-a- 
pinene, together with a small quantity of myrtenyl ethyl ether, b.p. 
80-85710 mm., 0*899, 1*4725. This resultwas most simply 

* CUm.-Zitg. 1906, 29, 1031. t Btr. 1907, 40, 1363. 

♦ Penfold, Ramage and Simonson, J, Proc, Roy, Soc. New South Wales, 1934, 
68 , 36. 

s Kafuku and Ichikawa, BuU. C.8. Japan, 1933, 8, 371; Sebe, ibid, 1938, 59, 
1285; 1941, 62, 22. 

H Schmidt, Schimmel's Report, 1941, p. 66; Chem, Zentr, 1942, i, 2530. 

5 Compare Rupe and H6ritier, Anwalew, 1927, 459, 171. 
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explained if d-myrtenol was assumed to be the primary alcohol 
(II), when d-myrtenyl chloride would be (III) giving on reduction 
d-a-pinene (IV). 



Confirmation of the presence of the primary alcohol group in 
d-myrtenol was obtained by its oxidation with chromic acid to 
the aldehyde, d-myrtenal (V), which was subsequently isolated 
by Semmler and Zaar^ from false camphor wood oil (see p. 223), 
whilst the presence of the cycZobutane ring was established by its 
oxidation with potassium permanganate to d-pinic acid (VI). 

d-, Z- and dZ-Myrtenols have been obtained by cautious oxida¬ 
tion of the appropriate a-pinene with selenium dioxide (p. 139) 
and by the autoxidation of jS-pinene (p. 199). The alcohol may 


Ser. 1911, 44, 815. 


14-2 
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also be present in the products of the autoxidation of a-pinene,’^ 
and in those obtained by the oxidation of j8-pinene with selenium 
dioxide (p. 199). 

d-Myrtenol can be readily separated and identified by the 
preparation of the jphenylurethane, m.p. 58 -59°, the oL-naphthyU 
urethane, m.p. 92-93°^ or the hydrogen phthalate, m.p. 114-115°, 
[a]j) +21*36° (in ethyl alcohol). The rfi-hydrogen phthalate has 
m.p. 120°. It can be identified also by oxidation to (f-myxtenal, 
from which a number of crystalline derivatives can be prepared 
(see p. 226). 

d-Myrtenol is an oil having a pleasant odour reminiscent of 
myrtle oil. After purification through the hydrogen phthalate, 
it boils at 222-224°, 105*5°/9 mm., 0*9763, 1*4966, [a]p 

+ 49*7°. When heated at 280° under pressure it resinifies. 

For Z-myrtenol, the follow ing constants have been observed :* 
b.p. 221-222°, 0*985, Ujy 1*4968, [a] 2 > ~ 46° (naphthylurethane, 

m.p. 92-93°). 

d-Myrtenol is not reduced by sodium and amyl alcohol, but 
with sodium and xylene it gives htram-dihydromyrtenol (I), b.p. 
127°/22mm., [a]^) — 26° {hydrogen phthalate, m.p. 109°, [ajj) 
— 15°; the di-^mn6‘-hydrogen phthalate has m.p. 114-116°). 
Hydrogenation of d-myrtenol over platinum gives d-cis-di%dro- 
myrtenol, b.p. 122°/20mm., [a]/j+18°; l-cis-dihydromyrtenol 
shows [a]j) —24*5° and gives a hydrogen phthalate, m.p. 124°, 
Wn ”“5*6°; the dZ-m-hydrogen phthalate has m.p. 127°. The 
configurations were deduced from the Raman spectra of the 
products.* A direct comparison between these substances and 
the natural dihydromyrtenol would be of interest. The product 
obtained from 7-chloropinane (VII) by Bonnet “ had b.p. 81- 
82°/3 mm., d|?“ 0*9860, n^^° 1*4924, [a]^ +12*5° {hydrogen 
phthalate, m.p. 120°) and was probably d-a5-dihydrom3n:tenol; 
on oxidation it gave dihydromyrtenal (p. 224), 

According to Zacharewicz,^ myrtenol on cautious oxidation 
with potassium permanganate gives the glycerol (VIII), d- and Z-, 
m.p. 67-68°, [a]j) ± 10*6°; dZ-, m.p. 71*5°. 

♦ Dupont and Zacharewicz, Compt, rend. 1934,198, 1699; 1936, 200, 769. 

t Tenfold, Ramage and Simonson, loc. cit. 

* Schmidt, SchimmeVs Report, 1941, p. 70; Chem. Zentr. 1942, i, 2631. 

t Dupont and Zacharewicz, Compt. rend. 1934,199, 366. 

II BnU. Inst. Pin, 1938, p. 241. 1 Chem. Zentr, 1938, i, 3206. 
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With the halogens, m 3 rrtenol gives no crystalline derivatives, 
whilst with hydrogen chloride it was found by Semmler and 
Bartelt to form an oil, b.p. 127-135°/10 mm., which they con¬ 
sidered to be an additive compound, but the composition of this 
derivative has not been determined. As mentioned above, the 
alcohol reacts readily with the phosphorus halides, and by the 
action of phosphorus tribromide in ethereal solution Rupe and 
H6ritier have prepared d-myrtenyl bromide (IX), b.p. 93°/9 mm., 
Md +32-31°. The i-bromide, [ol]j) —35°, has been described by 
Buu-Hoi, Hiong-Ki-Wei, Lecomte and Royer.* This bromide does 
not give a magnesium derivative, but when treated with the metal 
in ethereal solution a Wurtz-Fittig reaction occurs with the 
formation oid-dimyrtenyl (X), b.p. 173-174°/10 mm., 0-9521, 



♦ BvU. 8oc. chim. 1946 [v], 14, 148. 
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[a]|)* *f 13'79°. This reaction has been used by Rupe and 
Heritier for the preparation of homologues of a-pinene by treat¬ 
ment of myrtenyl bromide with alkyl magnesium halides, when 
substances of the type of d^methylmyrtenyl (homopinene) (XI), 
b.p. 95*5-96°/62 mm., 0*8697, [a]|?“ + 33*96°, were obtained. 
Myrtenyl bromide condenses readily with ethyl sodioacetoacetate 
to yield the coixespoiiding substituted ethyl acetoacetate. 

When d-myrtenol is boiled with dilute sulphuric acid (10 per 
cent.) a hydrocarbon, probably p-cymene, is obtained. 

A large number of esters of d-myrtenol with various aliphatic 
and aromatic acids have been described by Rupe and his col¬ 
laborators,* who found them to exhibit great regularity in their 
])hysical constants.^ 


VERBENOL 



During an investigation of the essential oil derived from the 
gum-resin of BoswelUa Carterii, Fromm and Autin* separated an 
alcohol, olibanol, CioHieO, b.p. 200-220°, which was apparently 
a derivative of a-pinene, since it gave on oxidation pinononic acid 
(III) (p. 216). A subsequent investigation by Fromm and Klein* 
seemed to indicate that the fraction of oUbanum oil boiling at 
about 200° was a mixture of alcohols (or ketones) which tended 
to isomerise when distilled at the ordinary pressure. They de¬ 
scribed three substances, a-, j3- and y-olibanols, only one of which, 


AnndUn, 1915, 409, 944. 
t Compare Akermann, ibid, 1920, 420, 23. 
t lUd. 1913, 401, 253. 


» Ibid, 1921, 425, 208. 
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j3“Olibanol, could be oxidised to pinononic acid. The exact con¬ 
ditions for separating these three substances and their relation¬ 
ship to one another were not clearly established. More recently, 
Blumann and Schulz’^ have shown the so-called olibanols to be 
a mixture of d-verbenone (p. 232), which was readily separated 
and characterised, and d-verbenol. The latter was not obtained 
pure, but it was identified by dehydration to d-verbenene (see 
below). 

During their investigation of the autoxidation products of 
a-pinene (p. 139) Blumann and ZeitscheD observed that the 
higher boiling fraction of the oil, after removal of the verbenone, 
contained an alcohol or a mixture of alcohols. Owing to the 
marked tendency for elimination of water to occur, difficulty was 
experienced in the preparation of the pure alcohol, but ultimately 
partial success was achieved by the preparation of a liquid 
benzoate by the pyridine method. From the benzoate on hy¬ 
drolysis an alcohol was obtained, that from the autoxidation of 
d-a-pinene having b.p. 102-103710 mm., d^^" 0*9702, 1*4890, 

[ajp + 132*30°, and that from i-a-pinene, b.p. 102-103°/12 mm., 
d^®" 0*9785, [a]/) —50*72°. The former alcohol crystallised par¬ 
tially on cooling and was evidently not homogeneous. On 
oxidation of the alcohols in acetic acid solution with chromic 
acid, d- and Z-verbenone (II) respectively were obtained, and 
there was therefore no doubt that they had the structure repre¬ 
sented by (I), which was confirmed by their oxidation to d- and 
l-pinononic acid (III). 

The difficulty of preparing the verbenols by the autoxidation 
of a-pinene was also remarked upon by Wienhaus and Schumm,"^ 
but Blumann and Schmidt* have found that d-verbenol can be 
conveniently prepared from d-verbenone by Ponndorf’s method.’* 
When the ketone is heated with aluminium i^opropoxide in 
isopropyl alcoholic solution an alcohol is obtained, which, after 
purification through the benzoate, melts at about 8°,. b.p. 
95°/10 mm., d^®“ 0*9745, nlf* 1*4938, [aj^? +124°. This d-verbenol 
is not, however, homogeneous, and evidently consists of a 
mixture of the two possible stereoisomeric fprms, since, when 


* Anncden, 1930, 478, 303. 

* Annakn^ 1924, 489, 20. 

Z, angew, Chem, 1926, 89, 138. 


t Ber. 1913, 46, 1194. 
< Ibid, 1927, 458, 48. 
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digested with acetic anhydride, it gives a mixture of d-verbenene 
(see below) and d-verbenol. 

It is only recently that Schmidt, Schulz and Doll* have suc¬ 
ceeded in separating each of the possible isomers in the pure state. 
From the autoxidation products of a-pinene they isolated a 
^-niirohtnzoait, m.p. 81-82°, [a]£, 4*156°, from which a d- 
verbenol, m.p. 20*6°, b.p. 92°/10 mm., 0‘9697, 1*4916, 

[a]i) -f 144°, was obtained on saponification. A somewhat j)urer 
form ofthis isomer, having m.p. 24°, [a]£> +168°, was subsequently 
derived^ from the products of the reduction of verbenone by the 
Ponndorf method. It was separated as its ^j-nitrobenzoate, and 
from the mother liquors there was then obtained a stereoisomeric 
d-ver6ewZ, m.p. 15*5°, b.p. 90°/10mm., 0*9724, 1*4932, 

[a]jr> 4- 65°. As would be anticipated, both stereoisomers gave 
the same d-verbenone on oxidation with chromic acid. On the 
basis of the Auwers-Skita rule, the alcohol, m.p. 24°, which has 
the lower density and refractive index, is probably the tram- 
isomer, and this is supported by its greater rate of esterification 
with 2 ?-nitrobenzoyl chloride; it is more stable towards dehydra¬ 
tion than the ci«-isomer. The reactions now to be described refer 
to the usual mixture of stereoisomers. 

On catalytic hydrogenation in the presence of palladium crude 
d-verbenol was found by Wienhaus and Schumm to give d- 
verbanol (IV), b.p. 102°/20mm., 0*940, 1*4761, which 

was a mixture of isomerides, but from which a crystalline 

* Schimmd'a Report, 1940, p, 38; Gh&m, Zentr» 1940, n, 3037. 

t Schulz and Doll, ibid, 1944, n, 755, 
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hydrogen phthalate, m.p. 127°, could be prepared. Verbanol, as is 
the case with pinocampheol (p. 207), should theoretically exist 
in twelve possible forms (eight optically active, and four racemic), 
but few have as yet been isolated in the pure state. One of them 
may be obtained as a sohd, m.p. 58°, b.p. 218°, +1*3° (in 

alcohol), by the reduction of d-verbenone (II) with sodium in 
moist ether.* Kahnemann,^ by the hydrogenation of verbanone 
(V) over platinum, has obtained a d-cis-verbanol, m.p. 74-75°, 
[(x.]d +5*1° (hydrogen phthalate, m.p. 142-143°); by carrying out 
the reduction with sodium and alcohol he obtained a d-trans- 
verbanol, m.p. 69-70°, [aj^, +11'7° (hydrogen phthaldte, m.p. 
163-164°). Schulz and DoU, by hydrogenation of ^mii5-verbenol, 
have obtained an isomer which they term moverbanol^ m.p. 76°, 
[a]/> +16° in benzene, which gives a p-nitrobenzoate, m.p. 95°, 
and a hydrogen phthalate, m.p. 190-191°. Similarly, from cis- 
verbenol, they have obtained neoisoverbanol, m.p. 74°, [a]^) +5° 
in benzene {p-nitrobenzoate, m.p. 135°; hydrogen phthalate, m.p. 
142°), which is presumably identical with the df-CM-verbanol of 
Kahnemann. 


CH, CH3 CH. 



When methyl verbanylxanthate, b.p. 100-110°/23 mm., is dis¬ 
tilled at the ordinary pressure it yields a hydrocarbon, b.p. 156- 
157°/758mm., 0-8604, 1-4667, [a]^ ~6-22°, which is 

probably Z-8-pinene (VI) *, since it gives no pinonic acid on oxida¬ 
tion. dZ-S-Pinene, b.p. 157-159°, df?* 0-8636, 1-4656, which 

* Blumann and Zeitsohel, Ber, 1013, 46, 1192. 

t Bull, 80 c, chim, 1933 [iv], 53, 1167. 

♦ Compare footnote p, 194. 
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gives 61-pinocamphoric acid (VII), m.p. 185-186"^, on oxidation 
with permanganate, has been obtained’^ by the dehydration of 
di-verbano] with thionyl chloride and pyridine. 


CHs CHa CHa 

CJH CH in 



Results of considerable interest have been obtained by the 
investigation of the dehydration products of ci-verbenol. With 
phosphorus pentoxide or zinc chloride rf-verbenol yields p- 
cymene, but when boiled with acetic anhydride a hydrocarbon, 
hverbeMene, C 10 H 14 , b.p, 159-160°/758mm., 0*8822, 1*4985, 

[ajp — 74*90°, is obtained. Blumann and Zeitschel, who prepared 
this hydrocarbon,^ considered it to have formula (VIII), which, 
if correct, would be contrary to the well-established Bredt rule. 
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They based this formula essentially on the following grounds: 
(i) oxidation yields norpinic acid (IX) which proved that the 
hydrocarbon must contain the ci/cZobutane ring, (ii) on bromina- 
tion only a dibromide is formed, indicating a conjugated system 
of ethylenic linkages, and (iii) on reduction with sodium and 
alcohol only two atoms of hydrogen are taken up. 

To the dibromide,'' d- and Z-forms, m.p. 70-72°, [a] 2 ) + 297*65°, 
— 298*50° (in benzene), dl-, m.p. 50-52°, the formula (X) was 
assigned. This bromide on reduction with zinc dust in acetic acid 
solution was reconverted into the parent hydrocarbon, whilst 
with alkah a glycol, C 10 H 16 O 2 (XI), m.p. 141°, was obtained. As 
wiU be seen from the sequel, it is very unlikely that these formulae 
are correct. 


CH3 

iur 


HC CH 



CH3 

i.OH 



Blumann and Zeitschel suggested that the hydrocarbon, 
dihydroverbenene, CjoHig, b.p. 158-159°/762 mm., 0*8625, 
1*4662, [ajjj +36*52°, obtained on reduction of verbenene, 
is 8-pinene (VI), in which case it would be identical with the 
hydrocarbon prepared by Wienhaus and Schumm from verbanol 
(p. 216). Blumann and Zeitschel attempted to confirm this con¬ 
stitution by oxidation of the hydrocarbon to pinocamphoric acid 
(VII), but in this they were unsuccessful, nor could they find any 
pinonic acid amongst the oxidation products. With hydrogen 
cliloride bornyl chloride was obtained, with amyl nitrite pinene 
nitrosochloride, and with dilute sulphuric acid ciB-terpin hydrate, 

* The rotation of dibromide is opposite in sign to that of the hydrocarbon from 
which it is prepared. 
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The formation of pinene nitrosochloride and as-terpin hydrate 
shows that dihydroverbenene must contain some a-pinene, and 
Buzicka and Trebler* suggest that verbenene is much more 
probably the j8-pinene derivatiTe (XII). This formula, whilst not 
in contradiction to the Bredt rule, accounts satisfactorily for all 
the reactions observed by Blumann and Zeitschel, and explains 
more readily the formation of norpinic acid on oxidation, the pro¬ 
duction of which, from a substance of formula (VIB), is difficult 
to interpret. A hydrocarbon of formula (XII) should give a-pinene 
on reduction and not 8-pinene. It may therefore be concluded, 
with a reasonable degree of certainty, that verbenene has the 
formula (XII); for the dibromide and glycol (XIII) and (XIV) 
are possible representations. 


CH* CHjBr CHg.OH 

J i A 



* ffeto. CMm. Acta, 1924, 7, 489. 
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In 1905 Wallach* separated from the high boiling fraction of the 
essential oil derived from Eucalyptus globulus a laevorotatory 
alcohol, CioHjeO, identical apparently in structure with the sub¬ 
stance which he had prepared many years previously^ by the 
action of nitrous acid on pinylamine (I), and formulated as 
pinocarveol (II). When oxidised with chromic acid it gave a 
product which was thought to be pinocarvone (III), but which is 
now known to be a mixture of this ketone with myrtenal (IV), 
since the alcoholic portion of the oil contains both myrtenol and 
pinocarveol.* A similar mixture is obtained by the autoxidation 



^ Anndkn, 1906, 346, 229. + Ihid, 1893, 277. 149. 

♦ Schmidt, Schimmd'a Report, 1941, p. 66. Chem, Zentr. 1942, i, 2630. Comment 
has already been made (p. 185) on the repercussions of this error on the chemistry 
of nitroBOpinene and the confusion which thereby arose over the identities of 
myrtenol, pinocarvone and “carvopinone”. 
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of jS-pinene, and probably also by the oxidation of this hydro¬ 
carbon with selenium dioxide (see p. 199). 

Even pure pinocarveol does not give a good yield of pino- 
carvone on oxidation, but the structure assigned to the alcohol 
is confirmed by its reduction to pinocampheol (V) which may be 
identified by oxidation to pinocamphone (VI). 

Pinocarveol may be separated and purified through its borate, 
hydrogen phthalate, j9-nitrobenzoate or phenylurethane. For the 
dZ-form, the following constants have been recorded: b.p. 215- 
218°, 100-102712 mm., 0*980, 1*4988; the d-form, pre¬ 

pared by the autoxidation of j3-pinene, has [a]^) + 59°. According 
to Schmidt*^ the natural alcohol is the Z-Zm^-form, and has m.p. 
5°, b.p. 209-210°, d^®'0*981, 1*5005, [a]^ -72° (hydrogen 

phthalate, m.p. 116-117°, [a]^) —65° (in alcohol); p-wiZroften^oaZe, 
m.p. 91-92°, [a]^) —40° (in benzene); phenylurethane, m.p. 
88-89°; oL-naphthylurethane, m.p. 95°). When shaken with dilute 
sulphuric acid it forms a hydrate, m.p. 196°. By the reduction 
of Z-pinocarvone with aluminium i^opropoxide, or by treatment 
of pinocarvone dibromide with zinc and acetic acid, there is 
obtained d-eiB-pinocarveol, m.p. 51°, b.p. 217-218°, d^®° 1*004, 
Wo** 1*5057, [a] 2 > +55° (in alcohol) (p-nitrobenzoate, m.p. 104°, 
Wt? +136° in benzene), which, unlike the trans-alcohol, under¬ 
goes dehydration on shaking with dilute sulphuric acid to give 
a hydrocarbon, b.p. 48-50°/8 mm., [a]^^ + 30°. The configurations 
are based on the Auwers-Skita rule and are supported by the 
greater rate of saponification shown by the j}-nitrobenzoate of 
the trans-alcohol. The oxidation of either isomer with chromic 
acid gives pinocarvone, whilst, with potassium permanganate, 
pinic acid is obtained, thus confirming the presence of the cyclo- 
butane ring. Z-ci^-Pinocarveol is converted into d-pinocamphone 
when distilled over copper at 280°,^ treated with sodium,* or 
heated to 170° with aluminium i^opropoxide.® 

With bromine in chloroform, Z-m-pinocarveol reacts in a 
remarkable manner, yielding a bimolecular bromide, (Ci 0 Hi 6 OBr) 2 , 
m.p. 160°, which is stable to potassium permanganate;” the 
trans-alcohol gives a non-crystaDine product. 

♦ Ber, 1944, 77, 167. ♦ Treibs and Sohmidt, Ber.‘1927, 60, 2340. 

♦ Sohmidt, Ber, 1944, 77, 171. • Jd«m, ibid, 1929, 62, 103. 

Idem, ibid, 1929, 62, 2948. 
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Unlike verbenol, pinocarveol can be readily acetylated; the 
cis-acetate has b.p. 231-232°, 1*003, 1*4802, [ajj, +64°, 

and the trans-ace^a^e has b.p. 227-228°, 0*999, 1*4772, 

Md + 16 °. 

C. ALDEHYDE 

MYRTENAL 

CHO 


i 



The unsaturated aldehyde, d-myrtenal, CioHi^O, was found by 
Semmler and Zaar’*' to occur in the oil known as false camphor 
wood oil, which is probably derived from the wood of Hemandia 
peltata Meissn., but the aldehyde had been prepared previously 
by Semmler and Bartelt^ by the oxidation of the primary alcohol, 
d-myrtenol (see p. 211). d-Myrtenal occurs in the wood oil 
associated with the monocyclic aldehyde, perillaldehyde (Vol. i, 
p. 311) and, although it can be partially separated from this by 
fractional distillation, the separation is most readily effected by 
treating the mixture with neutral sodium sulphite solution. Both 
the aldehydes combine with this reagent but, by the action of 
alkali, only d-myrtenal is regenerated. It has recently been found 
by Schmidt* that the aldehyde also occurs in the oil from 
Eucalyptus globulus. 

Dupont, Zacharewicz and Dulou**have shown that myrtenal, 
and not verbenone, is the main product formed by the oxidation 

Ber. 1911, 44, 816. t Ihid. 1907, 40, 1366. 

* SMmmd's Report^ 1941, p. 56; Ghem, Zenir. 1942, i, 2530. 

* Compt. rend. 1934,198, 1699; BvU. Soc. chim. 1935 [v], 2, 533. 
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of a-pinene with selenium dioxide. Furthermore, Schmidt* has 
proved that the substance formerly described as “pinocarvone’’ 
obtained from ^-pinene either by autoxidation or by treatment 
with selenium dioxide, is largely composed of myrtenal. Since it 
has also been established that the alcoholic portion of the oil from 
E, globulus is not, as hitherto supposed, pure pinocarveol, but a 
mixture of this alcohol with m 3 rrtenol (I), it follows that the 
‘‘pinocarvone” obtained on oxidation of this material likewise 
contains a considerable proportion of the aldehyde. The presence 
of myrtenal (II) in these products is established by conversion, 
either directly, or through the oxime (III) and nitrile (IV) into 
crystalline myrtenic acid (V). 

The constitution of the aldehyde (II) follows from its prepara¬ 
tion by the oxidation of rf-myrtenol (I) with chromic acid; the 
evidence on which the constitution of the latter is based has been 
discussed on p. 210. 

For the aldehyde prepared from the wood oil, Semmler and 
Zaar gave the following values: b.p. 89-92'^/! 1 mm., 0*9859, 
1*6061, [a]^ -h 13*6®, whilst for a specimen prepared by the 
oxidation of d-myrtenol with chromic acid and purified through 
the semicarbazone Rupe andH6ritier^recorded: b.p. 91*75°/12*5 
mm., 0*9898, -f 15*6°. Very similar constants, b.p. 220- 
221°, 0*991, 1*5030, [a]^^ +13°, have been given by 

Schmidt for the aldehyde isolated from E, globulus, whilst 
Vmyrtenal, obtained by the autoxidation of j3-pinene, has b.p. 
220-221°, 0*992, 1*5028, [a]^ —15°. These figures, and 

also,those for the derivatives described below, are in excellent 
agreement with the constants given in the earlier literature for 
“pinocarvone”.* The aldehyde shows the very considerable 
molecular exaltation of 1*19 units. This is obviously occasioned 
by the conjugation of the aldehyde group with the ethylenic 
hnkage. 

On hydrogenation over a palladium-charcoal catalyst,* myv- 
tenalgives dihydromyrtenal (myrtanal) (VI), b.p. 75-76°/2*6mm., 

* Loc, cit. + Arnmlen, 1927, 469, 189. 

* Compare, inter ah, Auwers and Eisenlohr, J. pr. Chem, 1910 [ii], 82, 138; 
Schmidt, Ber. 1930, 63, 1131; Stallcup and Hawkins, J, Amer, C.S. 1941, 63, 3339; 
1942, 64, 1807. 

* Schmidt, Schimmd^s Report, 1941, p. 70; Chem. Zentr, 1942, i, 2531; Dupont, 
Zacharewicz and Dulou, he, cit. 
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0-974; 1-4802; the Z-form shows [ajj^ — 37°. If a platinum 

catalyst is used"^ dihydromyrtenol (p. 212 ) is obtained. 

Oxidation of rf- or Z-myrtenal gives myrtenic acid (V), m.p. 
53-54°. 

Myrtenal can be characterised by the preparation of the semi- 
carbazone (d- and m.p. 220 °; dl-, m.p. 206°), the phenylsemi- 
carbazone (tZ-, m.p. 180°), the 2 : 4:-dinitrophen}/lhydrazone (Z-, m.p. 
223°), or the oxime {d-, m.p. 71-72°, b.p. 125-128°/9 mm., 
d^^^ 1-029, njj 1-5380, [a]^ +42°; Z-, m.p. 69-70°; dl-, m.p. 98°). 
Digestion of the d-oxime (III) with acetic anhydride gives the 
nitrile (IV), from which by hydrolysis d-myrtenic acid, O 10 H 14 O 2 
(V), m.p. 54°, b.p. 148°/9mm., can be prepared.^ This acid, on 
reduction with sodium and alcohol, gives dihydromyrtenic acid, 
CioHjeOg (VII), b.p. 142-144°/8 mm., 1-049, 1-4857. 

Attention has already been directed (Vol. i, p. 312) to the 
biogene tic interest attaching to the association of myrtenal, 
perillaldehyde, limonene and a-pinene in the false camphor 
wood oil. 

D. KETONES 

PINOGAMPHONE 

CH, 

in 



Z-Pinocamphone, CioH^eO, occurs in "oil of hyssop, which is 
obtained from the herb Hyssopus officinalis, being present in this 
oil to the extent of approximately 45 per cent. Although the 

Dupont and Zacharewicz, Compt, rend, 1934, 199, 365. 
t A similar series of reactions on the ^aldehyde has been carried out by Schmidt 
(8chimmd*8 Report, 1941, p. 70). 
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natural occurrence of the ketone was first observed by Schimmel 
and Co.,* the dZ-form had been prepared many years previously 
by Wallach^ by the reduction of nitrosopinene (I) with zinc dust 
in acetic acid solution. As has been mentioned (p. 182), the main 
product of the reduction is the base pinylamine (II), but a con¬ 
siderable quantity (22 per cent.) of the saturated ketone (III) is 
formed also. The dextrorotatory ketone does not occur in nature, 
but it has been prepared from Z-pinocarveol (see below). 

The constitution of d/-pinocamphone was determined by 
Wallach, who showed that, on oxidation with either potassium 
permanganate or chromic acid, dl-jnnonic acid (VI) and dl- 
pinocam 2 )horic acid (VII), m.p. 186 -187°, were obtained. These 
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* SchirmneVs Report, 1908, April, p. 58; 1909, Oct., p. 69; Gildemeister and 
Kohler, WaUach Festschrift, 1909, p. 414. 

* Annalm, 1892, 268, 210; 1898, 300, 287; 1900, 313, 367; 1006, 346, 235; 1908, 
360, 92. 
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(V) (VII) 


acids result from the degradation of the two enolic forms (IV) 
and (V) of the ketone. 

Gildemeister and Kohler have found Z-pinocamphone to behave 
similarly, yielding a mixture oi\-pinonic acid and \-pinocamjphoric 
acid, m.p. 189-190°. 

The constitution assigned to pinocamphone has been confirmed 
by its partial synthesis from ethyl cZZ-pinonate by Ruzicka and 
Trebler,^ an outhne of the method having already been given 
(p. 130). Recently, the ketone has been synthesised by Komppa, 
Klami and Kuvaja^ from verbanone (VIII), which was treated 
with sodamide and carbon dioxide to give the acid (IX), and then 
reduced electrolytically to the hydroxy-acid (X), m.p. 144-145°. 
On dehydration with acetic anhydride this gave a di-h-'pincnc-l- 
carboxylic acid (XI), m.p. 123°, [a] 2 > + 10-6° (in chloroform), the 
acid ehloride of which, by reaction with sodium azide, gave 
Z-pinocamphone {semicarbazone, m.p. 226-228°). Since verbanone 
has been obtained synthetically, this amounts to a total synthesis 
of pinocamphone. 

Pinocamphone can be most conveniently identified either by 
oxidation to pinonic acid or by the preparation of the semi¬ 
carbazone. The recorded melting points of the latter derivative, 
however, are widely divergent, probably owing to the existence 
of the parent ketone in stereoisomeric modifications (see p. 230). 

Pinocamphone is an oil with an odour reminiscent both of 
camphctt* and thujone. For the active ketone the following 

* Hdv. Chim. Acta, 1921, 4, 666. 
t Annalm, 1941, 547, 186. 
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constants were observed: b.p. 212“213°/765 mm., 0*9662, 
nl?** 1*4742, [a]jD —13*42°; whilst for the ketone prepared from 
nitrosopinene Wallach and Engelbrecht* give b.p. 211-213°, 
87°/12 mm., o*959, 1*4727. 

Pinocamphone can exist in two stereoisomeric modifications, 
represented by formulae (III a) and III b). Following the nomen¬ 
clature adopted in the menthone series (Vol. i, p. 234), the former, 
having a fmns-configuration of the methyl group with respect to 
the grcm-dimethyl bridge, is termed pinocamphone^ whilst the 
isomer is named impinocamphone. Treatment of either stereo¬ 
isomer with sodium ethoxide or alcoholic hydrogen chloride 
results in the formation of an equilibrium mixtme of the cia- and 
trans- forms, though, in contrast to the inversion shown by 
menthone, there is no change in the sign of optical rotation. The 
^ Annalen, 1906, 846, 236. 
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pure stereoisomerides can be prepared by oxidation of the 
appropriate pinocampheols (p. 207) with chromic acid. It is 
noteworthy, however, that although d-pinocamphone is obtained 
by oxidation of ti-pinocampheol, d-i^opinocamphone is formed 
by the oxidation of Z-i^opinocampheol. 



n CH3 



The formulae are assigned on the basis of the Auwers-Skita 
rule, according to which the ci^-ketone possesses the higher 
density and refractive index. These conclusions are also supported 
by experiments on the formation of oximes, the rate of reaction 
being greater for pinocamphone than for i^opinocamphone. The 
properties of the ketones are summarised in the following table: * 


M.p. of derivatives 


Pinocg^rnphone 

B.p. 




iSemicarbazone 

Oxime 

d- and 1 - 

211® 

0-964 

1-4728 

• 4 - 23® 

227® 

56° 

dU 

— 

— 

— 

± 0° 

208® 

89® 

d- and Uiao- 

212® 

0-969 

1-4748 

dbl0-5° 

219° 

Liq. 

dl-iso- 

— 

— 

— 

± 0® 

— 

88® 


Although the melting-points of the dZ-oximes are almost 
identical, the mixed melting-point is depressed to 65®. Schmidt 
has shown that the dhcis-oxime is identical with that described 
by Wallach^ from the dZ-ketone which he had obtained by the 
reduction of nitrosopinene with zinc dust, whereas the dl-trans- 

* Schmidt, Schinmel's Report^ 1934, p. 99; 1941, p. 50; Ber. 1944, 77, 544. 
According to Del4pme and Badoche, however, the d- and Z-<rawa*seniicarbazones 
have m.p. 266®, and the d- and Ucis, m.p. 282®. They also quote-a higher m.p., 66®, 
for the d-fra?w-oxime {Ann. Ghim. 1948 [xii], 3, 573). 
t Annalm, 1898, 300, 287. 
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oxime is identical with that prepared by Wallach and Ost* by 
the dii'ect catalytic hydrogenation of nitrosopinene. 

Pinocamphone has also been obtained by the hydrogenation 
of pinocarvone (p. 240)^ and by the distillation of pinocarveol 
(p. 222) over copper in a current of hydrogen at 280®.* According 
to Schmidt* a ti-pinocamphone, b.p. 207®/756 mm., 0*9572, 
[a]j 5 H-14*2® is formed when Z-pinocarveol is heated with alu¬ 
minium isopropoxide at 170®. dZ-Pinocamphone was also pre¬ 
pared by Leach" by the reduction of pinene nitrolamine (XII) 
with zinc in alcoholic hydrochloric acid solution. Reference has 
been made on p. 146 to the preparation of the ketone from 
by droxy pinoca mphone. 



CH CH CH 

(XIT) (III) (XIII) 


On reduction with sodium and alcohol pinocamphone gives the 
corresponding secondary alcohol, pinocampheol (XIII),’ the cis- 
ketone, however, giving a trans-alcohol. 

In acetic acid pinocamphone can be readily brominated to give 
a dibromide, the dl- form of which melts at 118-119®** and the 
Z-form at 93-94®, [ajj,—49*24® (in ether). The position of the 
bromine atoms has not been determined. 

* Annalm, 1912, 389, 185. 

+ Schmidt, SchimmeVs Report, 1941, p. 56; Chem. Zentr. 1942, i, 2530. The product 
obtained by Stallcup and Hawkins {J. Amer. C.S. 1942, 64, 1807) was probably 
dihydromyrtenal, since their “pinocarvone” was mainly myrtenal (see p. 224). 

* Treibs and Schmidt, Ber. 1927, 60, 2340. 

* Ibid. 1929, 62, 103. 

H J.C.S. 1907, 91, 9. 

9 Wallach, Annalen, 1898, 300, 288; Schmidt, SchimmeTs Report, 1934, p. 97; 
Gildemeister and Kdhler, Wallach Festschrift, 1909, p. 414. 

*♦ Schmidt, SchimmeFs Report, 1941, p. 50. 

Wallach and Engelbrecht, Annalen, 1906, 346, 236. 
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By the reduction of dZ-pjinocamphoneoxime with sodium and 
alcohol, 6[-pinommphylamine, b.p. 198-199°, is obtainable.* This 
base is formed also by the reduction of nitrosopinene with sodium 
in amyl alcohoUc solutions^ and by the catalytic hydrogenation 
of pinylamine.* Pinocamphylamine can be cWracterised by the 
prepsbTa^tionofpinocamphylcarbamide, m.p. 204°. The preparation 
of a- and S-pinenes from the trimethylammonium hydroxide 
derivative has already been referred to on p. 130. When pino- 
camphoneoxime is treated with sulphuric acid or with phosphorus 
pentoxide, it 3 delds the nitrile of a monobasic acid, pinocam- 
pholenic acid, CgHigCOaH. This acid is an oil, amide, m.p. 116°, 
and its constitution has not been determined, but it is probably 
a c^cZopentane derivative. 

dl-Pinocamp1ionehydrazone,h.p, 134-135°/22 mm.,^^®” 0-9917, 
7 ^1?“ 1-6156, was prepared by Nametkin and Jarzev,* who con¬ 
verted it by the Kishner process into pinane. 

According to Hugh and Kon" pinocamphone cannot be con¬ 
densed with the sodium derivatives of ethyl malonate, ethyl 
cyanoacetate or ethyl acetoacetate nor does it condense with 
ethyl bromoacetate in the presence of zinc. The action of methyl 
magnesium iodide on the ketone has been studied by Hasselstrom 
and von Konow.^ 


VERBENONE 



* Wallach, Annalen, 1900, 313, 367. 

t Tilden and Shepheard, J,C 8, 1906, 80, 1561. 

^ Kuaioka and Trebler, Hdv. Chim, Acta, 1924, 7, 489. 

* Ber. 1923, 66, 832. ii J,G.8. 1927, p. 2600. 

5 Ann, Acad. 8ci, Fennicae, 1930, no. 11, 3. 
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d-Verbenone, C 10 H 14 O, was found by Kerschbaum* to occur in 
Spanish verbena oil (from Verbena triphylla L.) to the extent of 
about 1 per cent. In this oil it occurs in association with citrals 
a and 6 , from which it can be separated by removal of the two 
aldehydes by condensation with cyanoaoetic acid (Vol. i, p. 100 ). 
Owing to the limited quantity of material available, Kerschbaum 
was unable to subject the ketone to a detailed study, but since 
it gave d-pinononic acid (II), m.p. 128-129°, on oxidation with 
potassium permanganate, he suggested that it probably had 



In 1913, Blumann and Zeitschel,^ during an investigation of 
the products which are formed by the autoxidation of d-a-pinene, 
separated a ketone which had properties identical with those of 
Kerschbaum’s d-verbenone. A careful study of the reactions of 
the ketone, together with those of the corresponding Z-verbenone 
prepared by the autoxidation of Z-a-pinene, confirmed the con¬ 
stitution assigned by Kerschbaum. 

Oxidation of d- and Z-verbenones gave d- and Z-pinononic acids, 
whilst, when digested for some hours wth dilute sulphuric acid, 
decomposition occurred with the formation of acetone and 
l-methyl-^^-Gyclohexen-Z-one (III). The constitution of the latter, 
b.p. 200-202°/760 mm., semicarbazone, m.p. 198°, was proved by 
its oxidation to y-acetobutyric acid (IV). This degradation of d- 
verbenone evidently proceeds in accordance with the following 
scheme, although it has not proved possible to isolate any of the 
intennediate products. 


* Ber. 1900, 88, 885. 


t Ibid, 1913, 46, 1178. 
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The conversion of rf-verbenone into the monocyclic ketone, 
together with its oxidation to d-pinononic acid, leave no doubt 
that it has been correctly represented by (I). 

Verbenone can be identified by the preparation of the semi- 
carbazone, the d- and Z-forms of which crystallise in leaflets, m.p. 
208-209°, the rfZ-form melting at 180-181°. 

The ketone is a colourless oil with an odour reminiscent both 
of capiphor and pepj)ermint; it rapidly becomes yellow on ex¬ 
posure to the air. For rf-verbenone from verbena oil, which had 
been regenerated from the semicarbazone by hydrolysis with 
})hthalic acid, Kerschbaum observed the following constants: 
b.p. IO 3 -IO 47 I 6 mm., 0*974, nU*’ 1*4995, [a]^ +66°; whilst 
Blumann and Zeitschel found for the ketone prepared from d-a- 
pinene: m.p. 6*5°, b.p. 227-228°, 100°/16mm., 0*9780, 

1*4992, [a] 2 > + 249*62°. The authors directed attention to the 
remarkably high rotatory power of the ketone, and it is not 
improbable that 180° should be added to the value observed by 
Kerschbaum. An even purer specimen, m.p. 9*8°, [a]j> +273, 
dj?* 0*9754, 1*4965, has been obtained by Schulz and Doir 

« Chem. Zmtu 1944, n, 766. 
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after repeated crystallisation from petroleum. Z-Verbenone has 
not been obtained pure, since the Z-a-pinene used in its prepara¬ 
tion contained some dZ-pinene. 

The autoxidation of a-jiinene takes a considerable time and 
the yield of the ketone is poor. It can best be isolated by fractional 
distillation and treatment of the appropriate fraction (b.p. 105- 
lOT'^/S mm.) with semicarbazide, when verbenone semicarbazone 
readily crystallises. A somewhat less satisfactory process is to 
take advantage of the compound which it forms with sodium 
sulphite in neutral solution, but some loss occurs owing to the 
formation of stable sulplionates. The ketone can be regenerated 
from the sodium sulphite derivative by the action of sodium 
carbonate. Wienhaus and Schumm^ found that a-pinene can be 
conveniently and rapidly oxidised by oxygen in the presence of 
colloidal osmium^ or cobalt resinate, and the verbenones are 
therefore comparatively readily accessible. It is important to 
recognise, however, that the product may be contaminated with 
myrtenal, and rigorous purification is therefore necessary.* 

By the catalytic hydrogenation of rf-verbenone, Wienhaus and 
Schumm prepared the saturated ketone, d-verbanone (V), which 
had been obtained previously by Blumann and Zeitschel by the 
oxidation of d-dihydroverbenol (see p. 237). This ketone, which is 
isoiiieric with pinocamphone (p. 226), has b.p. 222°/760 mm., 
0-961, 1-4751, [a] 2 ) +52-55°, and can be characterised 

by the preparation of the semicarbazone, m.p. 230°, and the oxime, 
m.p. 88°, though it has not been established whether these 
derivatives are related to the cis- or to the trans-ketone.^ 

The total synthesis of cZZ-verbanone has been achieved by 
Komppa and Klami." Methyl pinononate (VI), the synthesis of 
which by Guha and Ganapathi^ has already been described 
(p. 150), undergoes the Reformatsky reaction, with methyl bromo- 
acetate and zinc, to give the hydroxy-ester (VII). Dehydration 
of this ester with thionyl chloride gives dimethyl dehydroi&ohomo- 

♦ Annahn, 1924, 439, 20. 

+ Compare Willst&tter and Sonnenfeld, Ber. 1913, 46, 2953; 1914, 47, 2814. 

♦ Dupont and Zacharewicz, Compt. rend. 1934, 198, 1699; 1936, 200, 769. These 
authors have also shown that, contraiy to earlier reports, the oxidation of a-pinene 
with selenium dioxide gives, not verbenone, but myrtenal. 

♦ Compare Schulz and Doll, Chem. Zentr. 1944, ii, 755. 

II Ber. 1937, 70, 788. 

9 IM. 1936, 69, 1185. 
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pinocamphorate (VIII), the structure of which is proved by 
oxidation with potassium permanganate to di-pinononic acid. 
The unsaturated dibasic acid, m.p. 194°, obtained by saponifica¬ 
tion of the ester (VIII) is hydrogenated over platinum to isohomo- 
pinocamphoric acid (IX), the lead salt of which, on heating, gives 
di-verbanone (V), identified as its semicarbazone, m.p. 217°. 



Verbanone shows a number of interesting reactions, and 
reference to some of these may be made here. 

According to Guha and Rao* it is oxidised to verbenone by 
treatment with selenium dioxide. 

Verbanone hydrazom (X), m.p. 27°, b.p. 146°/22 mm., gives 
pinane (XI) when heated with sodium ethoxide at 140-160°. 


* J. Ind, Ifut, 8ci, 1939, 22a, 317. 
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On hydration with dilute sulphuric acid or hydrochloric acid 
verbanone undergoes ring fission and yields ^^-o^menthen-i-one 
(XII), an analogous reaction occurring on reduction by Clem- 
mensen’s method, when o-menthan-Z-one (XIII) is obtained. This 
fission of the cj/ciobutane ring in the pinane series to yield deriva¬ 
tives of o-menthane is apparently unique. Ring fission occurs 
also when verbanone is condensed with benzaldehyde in the 
presence of hydrogen chloride, a dibenzylidene derivative, m.p. 
143^^, being obtained, to wliich Wallach"^ assigned formula (XIV). 

With isoamyl nitrite in the presence of sodamide verbanone 
reacts to yield an orrimiwo-derivative (XV), m.p. 140°, which 
gives with acetic anhydride the imide of pinocamphoric acid 
(XVI). 

By the reduction of d-verbenone with sodium in moist ethereal 
solution Blumann and ZeitscheP prepared the saturated 
secondary alcohol d-dihydroverbenol or verbanol, which is isomeric 
with pinocampheol. It can be obtained also by the reduction of 
verbenone with sodium in alcoholic solution, when it is accom¬ 
panied hy pinaconei m.p. 211-212°. The properties of verbanol 
have already been discussed (p. 216). 

On ozonolysis, verbenone gives pinononic acid, whilst with 
hydrogen peroxide in alkaline solution an oxide (XVII), m.p. 65°, 
b.p. 120-127°/24 mm., 1*0661, 1*4831, [a]^) ± 102°, semi- 

carbazone, m.p. 220°, is obtained. This latter reaction is general 
in the case of cyclic ketones containing an ethylenic linkage in 
the a: j5-position. When heated with methanolic potassium 
hydroxide, the oxide rearranges to 2~hydroxyverbenone (XVIII), 
m.p. 119-121° {semicarbazone, m.p. 191°), * the reactions of which 
prove it to have this enol structure, since it shows no tendency 
to react in the diketo-form. 

Kerschbaum observed that d-verbenone did not react with 
bromine in chloroform solution and it is similarly resistant to 
hydrogen chloride in carbon disulphide or ethereal solution. In 
acetic acid, however, addition of hydrogen chloride does occur 
accompanied by ring fission, but the halogenated cycZohexanone 
derivative has not been obtained pure. 

♦ Anncden, 1924, 437, 188. 
t Ber. 1913, 46, 1192. 
t Treibs, Ber. 1933, 66, 1491. 
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By the catalytic hydrogenation of d-verbenoneoxime (XIX), 
m.p. 119-120°, in the presence of palladium d-verbanylamine 
(XX), b.p. 2117760 mm., 6?!?“ 0-9184, 1-4812, is obtained. 

When rf-verbenone is treated with an excess of hydroxylamine 
it gives a hydroxylamino-oxime (XXI) decomposing at 165°. 



(XVIIl) (XXI) (XX) 
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PINOCARVONE 

CH, 

A 



Pinocarvone (1) has only recently been found to occur in nature, 
the Z-form having been isolated by Schmidt^ from the oil of 
Eucalyptus globulus. 

Reports of the preparation of optically active and inactive 
pinocarvones have appeared in the literature since 1893, when 
Wallach^ described a cZZ-pinocarvone which he had prepared from 
a substance believed to be cZZ-pinocarveol (II). Furthermore, 
i>pinocarvone was said to be formed by the autoxidation of 
)3-pinene.* As already pointed out, however (pp. 183, 185,199), it 
has now been established by Schmidt* that these specimens of 
pinocarvone consisted mainly, if not entirely, of myrtenal. The 
effect of these errors, particularly on the problem of the con¬ 
stitution and reactions of nitrosopinene (see pp. 182, 186) was 
far-reaching, and it is only since 1941 that it has been possible to 
correlate and explain the results which have been recorded over 
a period of fifty years. 

In 1906, Wallach" obtained an optically inactive oil, b.p. 
96~96°/12 mm. {semicarbazone, m.p. above 300®), by the hydro¬ 
lysis of nitrosopinene with oxalic acid. Since the product differed 
from his '‘di-pinocarvone'' it was named '^carvopinone** and 
formulated as (IV). Schmidt has now shown that ‘ ‘ carvopinone ’ ’ 
is, in fact, the true dZ-pinocarvone (I) the formation of which 

* Schimmd's Beportf 1941, p. 66; Chem, Zenit, 1942, i, 2630. 

t AnnciUn, 1893, 277, 150; 1894, 279, 387; 1906, 346, 222. 

t Schmidt, Ber, 1930, 63, 1130. 

* Schimmd^a Report^ 1941, p. 66; Chem. Zent^. 1942, i, 2630. 

u Annalen, 1906, 346, 232. 
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from nitrosopinene (III) does not involve any abnormal reaction. 
It follows that the “carvopinone’’ of Stallcup and Hawkins’^ 
obtained in small yield by the oxidation of j8-pinene with selenium 
dioxide, is also di-pinocarvone.^ 



Mention has already been made (p. 222) of the formation of 
pinocarvone in poor yield by the oxidation of pinocarveol (II). 

Pinocarvone can be separated and purified by formation, in 
solution, of the bisulphite compoimd, from which it is regenerated, 
in contrast to its isomers verbenone and myrtenal, only by treat¬ 
ment with strong alkali. A further difference lies in the fact that 
pinocarvone cannot be distilled at ordinary pressure, since under 
these conditions it undergoes extensive decomposition. 

♦ J. Amer. CM. 1941, 68, 3339. 

^ The **pinocarvone” obtained as the main product of the reaction is, according 
to Schmidt, actually myrtenal. 

s Tii 


z6 
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For Z-pinocarvone, from E. globulus, Schmidt has given the 
following constants: m.p. —1*8°, 0*9875, 1*4950, [a] 2 > 

— 68° {semicarbazone, m.p. 350°; oxime, m.p. 131-132°). The m.p. 
of the oxime is not depressed on admixture with nitrosopinene. 

d-Pinocarvone, obtained by the oxidation of j8>pinene with 
selenium dioxide, has b.p. 84-85°/4 mm., dfF 0*981, tiIJ* 1*4935, 
-f63° {semicarbazone, m.p. above 300°; oxime, m.p. 132- 
133°). 

Reduction of Z-pinocarvone with aluminium i^opropoxide gives 
d-ci^-pinocarveol (p. 222). 

According to Schmidt, the ketone readily absorbs bromine in 
chloroform solution to give a dibromide, m.p. 74°, +130°, 

whilst with simple Grignard reagents it undergoes 1:4-addition, 
to yield homologues of pinocamphone; methyl magnesium 
bromide, for example, gives (V).* 

* Treibs, Ber, 1944, 77, 672. 
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A. HYDROCARBON 


SANTENE 



.CH, 


CH*-CH-^C.CH 


In 1900 Muller* made the interesting observation that East 
Indian sandalwood oil, which is obtained from the wood of 
Santalum album L., contained a hydrocarbon, to which 

the name santene was given. Later Aschan ^ showed that santene 
occurred also in Siberian, German and Swedish pine needle oils. 

For our knowledge of the constitution of santene we are 
indebted mainly to the investigations of Semmler and Bartelt.* 
A consideration of the physical constants of the hydrocarbon led 
these authors to conclude that it was probably dicyclic and 
contained one ethylenic linkage. This was proved to be correct 
by its oxidation with ozone in benzene solution* to a diketone, 
C 9 H 14 O 2 , b.p. 124-12779 mm., 1-024, 1-4665, disemi- 

carbazone, m.p. 216°. This diketone must be 1:3-diace^yicyclo- 
pentane (II), since on oxidation with an excess of hypobromite it 
gives tTa,na-cyQ\opentane-l:3-dicarboxylic acid (IV), m.p. 87- 
88-5°, an acid which was prepared synthetically by Pospischill." 
More recently, the diketone itself has been synthesised by 
Mohunta and Ray.^ These reactions show conclusively that 
santene must be represented by formula (I). 

If an excess of sodium hypobromite is not used in the oxidation 
of the diketone, tra^m-Z-acetylcyoiopentanecarboxylic acid (III) 
{aemicarbazone, m.p, 168°) is obtained, the structure of which has 
been confirmed by synthesis .** It is of interest to record that when 

* Arch, Pharm, 1900, 238, 366. t Ber, 1907, 40, 4920. 

* Ibid, 4595; 1908, 41, 128, 389, 867. 

* Compare Ruzieka and Liebl, Helv. Chim, Acta, 1923, 6, 271. 

« Ber. 1898, 81, 1950. 5 J,G.S, 1934, p. 1328. 

** Gaha and Ranganathan, Ber. 1936, 69 ,1199. 
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1 :3-diacetylci(cZopentane is reduced with sodium and alcohol 
it yields the dicyclic alcohol, CgHigO (V), b.p. 100 °/ 10 mm., 
1*1012, 1*5004, which gives on oxidation with chromic 

acid the corresponding ketone, C 9 H 14 O (VI), b.p. 91--94°/9 mm., 
1 * 002 , njy 1*4895, $emicarbazone, m.p. 214°. If, however, the 
diketone is warmed with sodium ethoxide or with ammonia under 
pressure an unsaturated ketone, C 9 H 14 O (VII), b.p. 104-105°/ 
10mm., 1*029, /if?* 1*1513, is formed, the constitution of which 

is proved by its oxidation with potassium permanganate to 
Q\%‘^-acetylQyQ\opentane carboxylic acid (III), and by its reduction 
with sodium and alcohol to the dicyclic alcohol (V). 


HjC—CH—CH. CH 3 HjC—CH—CH .CH 3 


CIHa CH3 CrOa 


H 3 C—CH—CO 
(VI) 


CH 3 


HoC— In— 
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-CHOH 


H3C—CH—C.CH3 
ijHa CH 
■3C- — -([/H--—CO 
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H,C—CH—C.CH, 

(I) . 

KMnO. 


H,C—CH.—C(OH).CH, 
CH 2 

HjC—CH—0(0H).CH3 
(VIII) 



(IV) 


The constitution assigned to santene has been confirmed by 
its oxidation with potassium permanganate in acetone solution 
to santene glycol (VIII), m.p. 193°, b.p. 135°/10 mm., some 1:3- 
diaoetyhyclopeTUane being also obtained. This alcohol, which has 
been synthesised by reduction of the diketone (II) with aluminium 
amalgam,* was found to be remarkably stable to dehydrating 
agents, but, when boiled with dilute sulphuric acid, it gave a 


* Mohunta and Ray, J,C,8, 1934, p. 1328. 
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saturated ketone, C 9 H 14 O, b.p. 76-80°/10 mm., 0*988, 
7 ^ 2 ) 1-4798, the constitution of which does not appear to have 
been determined. Palm 6 n* has found, however, that when the 
glycol is heated with concentrated sulphuric acid a small per¬ 
centage of camphenilone is formed. On oxidation with sodium 
hypochlorite it gives the dicarboxyhc acid (IV).^ According to 
Komppa* a stereoisomer of santene glycol, m.p. 194-195®, is 
formed as a by-product in the preparation of the alcohol (V) by 
the method referred to above. 

Santene has been prepared synthetically by methods involving 
Wagner rearrangements and they are of considerable interest, 
since they indicate the difficulties which are encountered in 
investigations in this field. In 1912 Hintikka and Komppa* 
showed that when camphenilone (IX) (p. 367) was reduced to the 
corresponding alcohol, camphenilol (X) (p. 369), the chloride, 
camphenilyl chloride (XI), resulting from tliis on treatment with 
phosphorus pentachloride," gave on removal of hydrogen chloride 
a hydrocarbon, to which the name camphenilene was given. This 
was considered by Hintikka and Komppa to have the formula 
(XII) and by hydration they prepared an alcohol, i&ocamphenilol, 
which gave on oxidation a ketone, imcamphenilone, these being 
formulated as (XIII) and (XIV) respectively. 



H, 


-CHg 

(XIV) 


HOHi 


/CH» 

H,C-^CH- 

\ I 
Cfl« 



(IX) 


(X) 


(XI) 


H., 

_QH_( 

/CH, 

nw ( 



\CH 3 

in, 

1 


.CH- OKi 

(XIII) 


N^h, 


H,c-c - 7 =CH 

(XI [) 


* Brit, Ghem, Ahatr, 1929, A, p. 192. 

+ Palm^n, J, pr, Chem, 1934 [ii], 141, 113. 
t Ber, 1935, 68, 1127. 

* Annakn, 1912, 387, 293; compare Jagelki, Ber, 1899, 32, 1503. 

n The product is more probably apobomyl chloride, which, however, may 
isomerise into camphenilyl chloride prior to the loss of hydrogen chloride (see p. 370). 
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It was pointed out by^Meerwein* that this structure for 
camphenilene contravened the well-known Bredt rule, and he 
suggested that in all probability camphenilene was identical with 
santene. A reinvestigation by Hintikka and Komppa^ has shown 
this suggestion of Meerwein to be correct. Camphenilene, which 
is not quite homogeneous, consists essentially of santene, and its 
formation from camphenilyl chloride, or more directly by the 
dehydration of camphenilol, involves a rearrangement. A small 
amount of apocycUnt (p. 331) is also present in the reaction 
products.* 

It is not improbable that the santene is contaminated with 
some camphenilene of structure (XII) since on ozonolysis a 
ketonic aldehyde is obtained in small quantity, which may be 
(XV) although its constitution has not been proved. isoCam- 
phenilol and i^ocamphenilone are identical with santenol and 
santenone respectively. 


-OH- 


OH3 


in. 




-H,0 


HjC-OR-C.CH, 

in. 


Pinacobc change 
H,C-CH-CHOH H»( 


I 


(X) 


H,0 

/CH 3 

H,C-CH- 

I N3H3 

UHj 

(XII) 


: m —c.CR, 
(I) 



Ruzicka and Liebl* have shown that santene can be prepared 
also from fenchyl alcohol (XVI) (p. 552). On dehydration,/mcAi/Z 
alcohol yields two hydrocarbons a- (or D-1-) and j3- (or D-d-) 
fenchenes^^ (XVII) and (XVIII), which on ozonolysis yield a- and 
^-fenchocamphorones (XIX) and (XX). By the dehydration of 
a- and P-fenchocamphorols (XXI) and (XXII), which can be 


* Annalen, 1914, 405, 134. + Bull, Soc. chim, 1917 [iv], 21, 14. 

* Gratton and Simonson, J.C,8, 1935, p. 1621; Kon^pa and Nyman, Ber, 1936, 
69, 334; compare Snittor, BuU. Inst. Pin, 1933, p. 209; Lipp and Daniels, Bsr, 1936, 
60, 686. See also Vol. i, p. 4. 

» JIdv. CMm. Ada, 1923, 6, 271. 

II Pot the nomenclature of the fenchenes, see p. 534, 
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prepared by reduction of tjhie ketones, santene was obtained, the 
reaction in each case involving a Wagner or Nametkin rearrange¬ 
ment. These reactions are shown in the scheme set out on p. 247 
in which, for comparison, camphenilol (X) and santenol (XXIII) 
are included. 

In addition to the methods referred to, santene has also been 
obtained by the dehydration of santene hydrate (XXIV) and by 
the removal of hydrogen chloride from santene hydrochloride 
(XXV). 

Of interest also is its formation, first observed by Miiller,^ by 
the digestion of teresantalic acid, C 10 H 14 O 2 (XXVI), with sulphuric 
acid. 

Santene can be readily characterised by the preparation of the 
nitrosochloride, m.p. 109-110°,* or the nitrosite, m.p. 123-126°.* 

Santene is an oil possessing a somewhat unpleasant odour. It 
is difficult to obtain pure and it resinifies somewhat readily. 
The following constants have been quoted by Aschan and by 
Semmler: b.p. 140-141°/770 mm., 31-33°/9mm., 0-863, 

wl?" 1*4665. According to Deussen, it can be readily hydro¬ 
genated in the presence of a palladium catalyst to yield santane 
(XXVII), b.p. 150-152°, 0-8712, n^^^^ 1-4636. 

A direct synthesis of santene has been carried out by Diels and 
Alder." Crotonaldehyde was condensed with cyctopentadiene to 
give the aldehyde (XXVIII), which was reduced and converted 


HC-CH-CH.CHO 
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-in-^CH.CHo 
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HjC-CH-C: CH. 0. COCH3 
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(XXVIIl) 


(XXIX) 


H.C-CH-CO 
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H3C-CH 


H,C-CH-CH.CH, 

(XXX) 
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in, 


CH3 
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H-CH.CHa 


(XXXI) 


( 1 ) 


* Aschan, Ofvm, Finaka Vet. 80 c. 1910, 68 (A), no. 8. 

^ Arch. Phartn. 1900, 288, 380; compare Semxnler, Ber. 1910, 48, 1898. 

* Aschan, Ber. 1907, 40, 4921. 

t Deussen, J.pr. Chem. 1926 [u], 114, 111. ll AnncUen, 1931, 486, 205. 
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into the enol acetaie (XXIX). Ozonisation of this substance to 
give Z-rmthylmrcampJwr (XXX), followed by condensation with 
methyl magnesium iodide gave y-8antenol (XXXI), a stereo¬ 
isomer of santene hydrate (p. 256). Dehydration of this alcohol 
gave santene. 

The oxidation of santene with ozone and potassium perman¬ 
ganate has already been referred to. With potassium dichromate- 
sulphuric acid mixture it gives santenone (XXXII),^ a reaction 
which involves hydration, a Wagner rearrangement, and sub¬ 
sequent oxidation. Deussen has made a preliminary investigation 
of the products formed by the oxidation of the hydrocarbon with 
mercuric acetate. The main product of the reaction is the additive 
compound, C 9 H 14 OH, HgOaC.CHg, m.p. 126-127°, which when 
treated with potassium iodide in alcoholic solution yields the 
corresponding iodide, C 9 H 14 OH, Hgl, m.p. 130-131°, Other 
products of the oxidation are santene glycol (VIII) (p. 244) and 
a substance of the composition C 9 H 14 O, which is probably 
identical with the ketone prepared by Semmler (p. 245) by 
digestion of santene glycol with dilute sulphuric acid. 


HaC-CH-C.CH3 

H,C-ijH-C.CHj 

(I) 


CH, 

H,C-i-CO 


1 


HgC-CH-CH* 

(XXXII) 


On treatment with bromine, santene yields a tribromide, which 
according to Muller^ melts at 62-63°, whilst Aschan* found it to 
melt at 77-80°. This divergence is possibly due to the formation 
of stereoisomerides, since the bromide is readily crystallised. With 
hydrogen chloride in ethereal solution santene yields a crystalline 
hydrochloride, which melts at about 80°.* As mentioned above, 
the hydrochloride can be reconverted into santene by digestion 
with aniline, whilst with milk of lime at 70-80"^ it yields santene 
hydrate (p. 256). 


^ Aschan, Ofvers. Finska Vet, 80 c, 1910, 53 (A), no. 8* 
t Arch, Pharm, 1900, 288, 370. 

* Ser. 1907 40 4921. 

> Miilier, Arch.’Pharm. 1900, 288, 371; Aschan, Ber. 1907, 40, 4922. 
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Santene is not affected by digestion with alkali, but it can be 
hydrated readily by the Bertram-Walbaum method* or by treat¬ 
ment with formic acid,^ yielding santenol. The hydration can 
also be effected very conveniently by sulj)huric acid in ethereal 
solution.* 

oi-Santene nitrosochloride crystallises in blue needles, m.p. 
109-110®,* which on exposure to the air pass into a colourless 
jS-modification. This is possibly bimolecular since, when heated,, 
it passes over at 90° into the blue a-form. 

Santene nitrosite, first prepared by Muller," crystallises in blue 
prisms, m.p. 123-126°, Its reactions have been studied by 
Deussen,^ who has found that when it is heated with an alcoholic 
potassium hydroxide solution it passes into a colourless form, 
m.p. 105°, which like the blue form is monomolecular. Both 
forms of the nitrosite yield a hydrochloride^ m.p. 98°, and can be 
hydrogenated using a palladium catalyst to give a colourless 
substance, m.p. 87-88°, having the composition C 9 Hie 03 N 2 , the 
constitution of which has not been determined. Deussen has 
described also the isolation of a green nitrosite, but its relation¬ 
ship to the blue nitrosite is not known; with alkali it passes into 
the colourless form, m.p. 105°. According to Onischtschenko ** 
the blue nitrosite, on warming in alcoholic solution, gives 1:3- 
diacetylcyclopentane (p. 243); on long standing in petroleum 
solution it is converted into a niirosate, m.p, 113-114°, 

* Aschan, Ofvere, Finska Vet, 8oc, 1910, 53 (A), no. 8, 

t Semmler and Bartelt, Ber. 1908, 41, 128. 

* Deussen, J, pr. Ghem, 1926 [ii], 114, 111. 

* Miiller, Arch. Pharm. 1900, 238, 369; Aschan, Ber. 1907, 40, 4921. 

» Loc. cit. p. 370, 

1 J. pr. Ghem. 1926 [ii], 114, 111. 

♦♦ Btill. Acad. Sci. U.R.8.8. 1937, p. 209. 
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B. ALCOHOLS 


THE 8ANTEN0LS* 


CH, 


HjC-i 


H 


-in- 


-OHOH 


CH, 


In 1910 Schimmel and Co.^ isolated from East Indian sandalwood 
oil (from Santalum album) an alcohol, CgHigO, m.p. 58-62^, which 
they called santenone alcohoL This alcohol must have the struc¬ 
tural formula (I), since on oxidation with chromic acid it yields 
santenone (II), the constitution of which has been definitely 
established (p. 257). 


CH, 

-C-OHOH 

HgC.i.H 

--CH, 

( 1 ) 


CrO, 


CH, 

HoC- 1 -CO 


H, 


H 3 C.C.H 

( 11 ) 


CH, 


Some years previously Semmler and Bartelt^ had found that 
when teresantalic acid (IV) was digested with formic acid, a 
formate was obtained which gave on hydrolysis an alcohol, 
TT-norborneol, CgHigO, m.p. 68-70°. This alcohol gave on oxidation 
santenone (II). They further found that, when santenone was 
reduced with sodium in ethereal solution, a stereoisomeric alcohol, 

* The nomenclature of the stereoisomeric alcohols, the santenols, having the 
constitution given at the head of this section, is somewhat confused. For the natural 
alcohol, m.p. 58-^2°, Schimmel and Co. have used the name santenone alcohoL 
Semmler and Bartelt called the two alcohols, m.p. 68-70° and 91-s92°, prepared 
from santene, ‘n-norbomeol and ir-noriaoborneol respectively, whilst Asohan for an 
alcohol, m.p. 97-98°, probably identical with Semmler and Bartelt’s 7 r-nort«obomeol, 
introduced the name a-santenol, calling santene hydrate (p. 266) ^-santenoL This 
latter designation is unfortunate, since )3-santenol is a structural and not a stereo- 
isomeride of a-santenol. Although confusion may arise &om the fact that the terms 
“nor 6 oraeor’ and “worisoftoraeoi” are applied to the lower homologues, C 7 Hi, 0 , 
Semmler and Bartelt*s nomenclature is retained for the synthetic alcohols, since it 
has historic priority, whilst the natural alcohol is designated santenone alcohol, as 
it is doubtful if it is homogeneous. In discussing their common reactions the term 
santenol will be used. 

+ 8 chimmd*8 Report^ 1910, Oct., p. 120. 

* Bcr. 1907, 40, 4467. 
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TT-nori^oborneoly m.p. 91-j92°, was obtained, which also gave 
santenone on oxidation. It was suggested by Semmler and 
Bartelt that these two alcohols were related to one another in 
the same manner as borneol and i^oborneol (p. 363). In the same 
year, Aschan* prepared Tr-nori^oborneol, m.p. 97-98°, by the 
hydration of santene (III) by the Bertram-Walbaum method. 
This latter reaction involves a Wagner rearrangement,^ whilst in 
the preparation from teresantahc acid (IV) decarboxylation, 
accompanied by fission of a cycZopropane ring, occurs. The 
alcohol prepared by Aschan’s method was probably a mixture, 
since, prior to crystallisation, it melted at 80-81°. 

A mixture of 7r-norborneol and 7r-norisoborneol can be obtained 
also by the hydration of santene with formic acid* or with a 
mixture of ether and sulphuric acid. 

The santenols have an odour resembling that of borneol and 
camphor and can be identified by oxidation to santenone, which 
is readily characterised (see p. 258). 



CH^ 



The optically active santenols do not appear to have been 
described, the activity which has been observed in specimens 
prepared from santene being due to the presence of impurities. 

From the melting-points of the alcohol which have been given 
already, it will have been observed that these show considerable 
variations. This is probably due in part to the difficulties encoun¬ 
tered in its purification, but also to the occurrence of stereo- 


♦ B&r, 1907, 40, 4923. 

t Compare Buzioka and LiebI, Hdv, Chim, AcUit 1923, 6, 271. 

♦ Semmler and Bartelt, J5er. 1908, 41, 128. 
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isomerides, four dZ-forms of which are possible. Komppa^ has 
purified the santenol obtained by the hydration of santene by 
the Bertram-Walbaum method, through the crystalline santenyl 
hydrogen diphenate, m.p. 119-120°. The alcohol obtained by the 
hydrolysis of this derivative melts sharply at 86°. Whilst there 
appears to be no doubt as to the purity and homogeneity of this 
santenol, its preparation does not show that 7r-norborneol, m.p. 
68-70°, and Tr-nori^oborneol, m.p. 97-98°, do not exist. Although 
not necessarily pure, they are probably stereoisomeric with 
Komppa’s alcohol, and support is lent to this view by the fact 
that, whereas Aschan’s alcohol, m.p. 97-98°, gave a phenyl- 
urethane, m.p. 61-62°, that prepared by Schimmel and Co. from 
an alcohol melting at approximately the same temperature, 
84-86°, as that of Komppa, gave a phenylurethane, m.p. 83°. It 
must be pointed out, however, that by the reduction of j3- 
santenone (p. 259) with sodium and alcohol, Komppa and 
Nyman^ have obtained a so-called ^-santenone alcohol, m.p. 95°, 
b.p. 192-195° {phenylurethane, m.p. 91-92°), whilst Enkvist*has 
described yet another stereoisomer, m.p. 105-106°, obtained by 
the isomerisation of a-santenol with sodium ethoxide. It is 
evident that some of these alcohols must be mixtures of stereo¬ 
isomers, and further work is obviously required to elucidate 
their relationship to one another and also the natural alcohol. 
According to Komppa and Beckmann,* the degree of association 
in solution, as measured by molecular weight determination, may 
provide useful evidence in this field, since it is partly dependent 
upon the configuration of the solute. 

In view of the recent progress which has been made in the 
investigation of the stereochemistry of the santenic acids (see 
below), a careful study of the oxidation of the various santenols 
would be of considerable interest. Aschan’s santenol was readily 
oxidised with potassium permanganate in alkaline solution" to 
give csi&-8antenic acid (V), m.p. 170-171°, which yields an 
anhydride, m.p. 115-116°. 

* Btr, 1929, 62, 1761. 

+ Chem* Zentr, 1937, n, 3769. 

♦ J, pr, Chem, 1933 [ii], 187, 261. 

I Anmden, 1936, 622, 137. 

ABohan, Ofvers. Finska Vet, Soc, 1910-1911, 58(A), no. 8, p. 18; Komppa and 
Rintikka, BvU. Soc, Chim, 1917 [iv], 21,17. 
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H,C-(L-—CO,H 

H,0—ilH—CO,H 
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This acid was accompanied by an isomer, termed imsanienic 
acid, m.p. 121-123°, which was thought to be the ^mrz^-modifica- 
tion, but according to Enkvist* it is a mixture of santenic and 
«Ztosantenic acids. 

The santenic acids can exist in four <i/-raodifications, and as 
a result of several more recent investigations in this field ^ the 
following configurations have been allocated to them, on the 
basis that ci^-aZiosantenic acid forms an anliydride more readily 
than ci5-santenic acid : 



HoC- 


...COjH 

\CH. 
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c««-Santenic 

acid 
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m.p. 151-162° m.p. 129-130° 
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The cid-acids may be transformed into the corresponding trans- 
isomers by heating with hydrochloric acid in acetic acid solution.* 
The structure of santenic acid has been confirmed* by a 
synthesis based on the classical method used by Komppa in the 
camphoric acid series (p. 382). The condensation product (VI) of 


Finska Kem, Medd, 1932, 41, 74. 

t Enkvist, J. pr. Ghem, 1933 [ii], 187, 201; Komppa, Ber, 1932, 65, 1708; 1934, 
67, 828; Komppa and Rohnnann, Armal. Acad. Sci. Fennicae, 1936, A 44, nos. 3 
and 10. 

♦ Compare, however, Ishidate and Sano, Ber. 1941, 74, 1189. 

» Enkvist, J. pr. Chem. 1933 [ii], 187, 261; Komppa and Rohnnann, Bet. 1934, 
67, 828; Brit. Chem. Ahtit. 1938, A n, 22. For an alternative method of synthesis, 
see Chakravarti, J. Ind. C.8. 1943, 20, 243. * 
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oxalic ester and dimethyl jS-methylglutarate on treatment with 
methyl iodide and sodium methoxide gave (VII), which on 
reduction first with sodium amalgam, and then with phosphorus 
and hydriodic acid, was converted into the dehydrosantenic acid 
(VIII), m.p. 197-198®. On hydrogenation over platinum this 
gave mainly as-aMosantenic acid (V), m.p. 151-152®. 


OC-CH-COoCH, 


.i.H 
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H^C-C-COjH 
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On bromination, santenic acid gives a monobromo-derivative, 
which loses hydrogen bromide on treatment with quinoline to 
give a dehydrosantenic acid (the santenenic acid^^ of Aschan), 
m.p. 169-170®, which is a structural isomeride of (VIII). On 
hydrogenation it gives a mixture of santenic acids, the main 
product being the cis-allo-isomer ; since this differs from the 
original santenic acid in the configuration at the carbon atom in 
the position )3- to the carboxyls, the dehydro-acid, m.p. 169-170®, 
must contain an ethylenic linkage which involves this position, 
and it is therefore formulated as (IX). 


CH, 


H,c——C-CO,H 

H,C-1;-CO,H 


(IX) 


With phosphorus pentachloride in light petroleum solution, 
w-norbomeol was found by Semmler and Bartelt* to give a 
chloride, m.p. 69-61°, b.p. 72-73°/10 mm., from which, by the 


* Btr. 1908, 41, 128. 
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action of alkali, santene could be obtained. This reaction involves 
a Wagner rearrangement in the reverse direction to that occurring 
in the formation of norborneol from santene. 

A number of esters of santenol have been described, but these 
are undoubtedly mixtures of stereoisomerides, so that it is 
unnecessary to refer to their properties in detail. They resemble 
in odour the corresponding derivatives of borneol. 


SANTENE HYDRATE 




H, 
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HjC-CH- 

Ah, 

•in—C h.ch. 


Santene hydrate, CgHigO, for which Aschan* has suggested the 
name j8-santenol, does not occur in nature. It was prepared by 
Aschan^ by the action of milk of lime at 70-80° on santene 
hydrochloride (I) (p. 249). A stereoisomeric alcohol, y-santenol, 
m.p. 63-65°, has been prepared by Diels and Alder* by the action 
of methyl magnesium iodide on 3-methylnorcamphor (III) (see 
p. 249). 
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The constitution of santene hydrate (II) (and of its stereo- 
isomerides) is established by its method of preparation and by 
the fact that on dehydration with either acetic acid or oxalic acid 

* Medd. Ks Veienakapeahad. Nobd-InM, 1919, 6, no. 8, p. 27. 

^ Ofvets, Finska Vet, 80 c, 1910, 58(A), no. 8, p« 9. 

* Annalen, 1931,486, 205. 
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it yields santene (IV). Santene hydrate crystallises from alcohol 
in needles, m.p. 101 - 102 °, b.p. 192°, and has an odour reminiscent 
of nonyl alcohol. The alcohol prepared by Aschan showed slight 
optical activity, but this was y)robably due to a trace of impurity, 
since the santene employed for its ])reparation was itself slightly 
active. 

Santene hydrate is very resistant to oxidising agents and is 
not attacked by potassium permanganate. With chromic acid 
partial dehydration to santene occurs, but the products formed 
are mainly resinous. 


C. KETONE 


SANTENONE (tt-NORCAMPHORY 


CH* 


HaC-i—-CO 

HaC.i.H 


CH« 


Z-Santenone, O 9 H. 14 O, has been shown by Scliimmel and Co.^ to 
occur in East Indian sandalwood oil. An optically inactive form 
of this ketone had been prepared some years previously by 
Semmler and Bartelt,* who called it rr-norcamphor, by the oxida¬ 
tion with chromic acid of the alcohol, ir-norborneol (p. 251). 
Subsequently Aschan* found that it could be obtained more 
conveniently by the oxidation of santene with potassium 
dichromate-sulphuric acid mixture. These reactions have already 
been formulated on pp. 247, 249 and need not be repeated here. 

The constitution of santenone (I) has been established by its 
oxidation with potassium permanganate to santenic acid (II), 
whilst the presence in it of a methylene group adjacent to the 
carbonyl group has been confirmed by the preparation of hydroxy- 
methylene and benzylidene derivatives (see p. 258). 

^ It should be noted that the term **norcamphor** is applied to the parent ketone. 
C,H,oO. 

+ ScUmmeVa Report, 1910, Oot., p. 98. * Ber, 1907, 40, 4467. 

I Ofvera, Finaka Vet, Soc. 1910, 53 (A), no. 8, p. 17. 

s Tii 


17 
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CH3 . CH3 

HgC - 1 -CO H 3 G-i.COjH 

H3ci\H KMn 04 HsC.'i.H 

HgC-ih CH3 -tJH. CO3H 

(J) (II) 

It must be pointed out that these results would be equally 
readily explained if santenone were represented by formula (III), 
which bears the same relationship to epicamphor as santenone 
does to camphor. The assignment, however, of this formula to 
the ketone would make it extremely difficult to account for its 
formation by the oxidation of santene and for the hydration of 
the hydrocarbon to santenol. 

A synthesis of santenone, based on the classical method used 
in the camphor series (p. 382) has been described by Enkvist.'* 
Santolide (V), m.p. 41-42*^, was prepared by the hydrogenation 
of santenic anhydride (IV), and converted by treatment with 
potassium cyanide into homosantenonitrik (VI), m.p. IDS'", 
hydrolysed to hornosantenic acid (VII), m.p. 165°.^ Santenone, 
m.x). 50° {semicarbazone^ m.p. 228-229°), was then obtained by 
heating the calcium salt of the acid. 

i-Santenone from natural sources has m.i). 58-61°, b.p. 193- 
195°, [a]^, — 4*4° (in alcohol), and gives a semicarbazorte, m.p. 
222-224°. By the autoxidation of n-ketocamphor (VIII), Ishidate 


CH3 CIL CHs 



(VXl) (1) (VIII) 


♦ J. pr. Chem. 1933 [iij, 137, 261. 

^ For an alternative synthesis of homosantenio aoid, see Sen-Gupta, J, Indian C,S, 
1933,10, 341. 


H.C-i-CH, 

H,o-in—CO 

(III) 
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and Sano* have obtained a A-sanlenoney m.p. 56-59°, [a]|^" +11*4° 
(in alcohol), semicarbazoney m.p. 235-236°. It may be that this 
is not the enantiomorph of the natural ketone, but a stereoisomer, 
since two forms of santenone are likely to exist. Evidence of such 
isomerism has indeed been known for some time, since the 
inactive form, according to Aschan,^ has m.p. 50-52°, b.p. 197°, 
whereas Semmler and Bartelt* found m.p. about 30°, b.p. 75- 
76°/9 mm., 0*966, 1 *4690, for a specimen prepared by the 

oxidation of 7r-norborneol. It is only recently, however, that 
efforts have been made to obtain the isomerides in a pure state, 
and it has been shown® that crude dZ-santenone semicarbazone 
may be separated by fractional crystallisation into two forms, 
which on hydi*olysis give oL-santenone, m.j). 55-56° {semicarbazoney 
m.p. 235-236°; oxl7n€y m.p. 74°) and p-santenone, m.p. 49-50° 
{semicarbazoney m.p. 236-237°; oxime, m.p. 50-51°). On oxida¬ 
tion, these give respectively santenic and aZZosantenic acids, and 
on the basis of the configurations given for these acids on p. 254, 
the following stereochemical relationships may be allocated to 
the ketones: 



a-Santenone 



In view of the close stractural relationship to camphor the 
reactions of santenone are of great interest, but the difficulties 
involved in its preparation have so far precluded the carrying 
out of any extensive investigations. Most of the reactions now 

Ber. 1941, 74, 1189. 

7 Ofvers, Finska Vet, Boc, 1910, 53 (A), no. 8, p. 16. 

* Ber. 1907; 40, 4466. 

® Aschan, Svemk, Kem, Tidakr, 1933, 46, 209; Komppa and Nyman, Chem, 
Zentr, 1937, n, 3769. 
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to be described, however, will be found to resemble closely those 
in the camphor series. 

The reduction of santenone with sodium and alcohol yields one 
or more of the stereoisomerides of santenol (see p. 251), whilst, 
as already mentioned, its oxidation with potassium perman¬ 
ganate gives santenic acid. According to Rimini,’^ it is oxidised 
on exposure to sunlight with the formation of an unsaturated 
aldehyde (IX) but the constitution of this has not been rigidly 
proved. The reaction with selenium dioxide is referred to on 

p. 262. 


CHa 

HaC-i—-CO 




HoC.i.ll 


~CH-CH, 

(I) 


CHa 

HC======-=-(!^ CKO 

HaC.i.H 

-in— 


CHa 


(IX) 


hSantenoneoxime is an oil, b.p. 110->113°/6 mm.,^ but Rimini* 
has obtained the inactive oxime as a crystalline solid, m.i). 
80-81®; this was previously described by Semmler and Bartelt® 
as an oil, b.p. 116-120®/9 mm., 1*012, 1*4956, and it is 

rather remarkable that the melting-point quoted by Rimini 
should be higher than that of either of the individual isomers to 
which reference has been made above. By the reduction of the 
liquid oxime (X) with sodium and alcohol, Semmler and Bartelt 
pvepeired santenylamine {7r-norbornylamine) (XI), b.p. 69®/10mm., 
0*9163, rijj'' 1*4761, picrate, m.p. 208°, whilst by the action 
of sulphuric acid they obtained the nitrile (XII) of 7r-nor- 
campholenic acid, b.p. 82-83°/9mm., 0*950, 1*4720. This 

nitrile gave on hydrolysis with alkali 7T-norcampholenic acid, 
b.p. 132-134°/10 mm., 1*014, Ujy 1*4793. 


HC= 


CHa 


H, 




HaC.C.H 

-Lh- 

(XII) 


CH, CH, 

CN H,C-Ij——C:NOH H,C-(!v-—CH.NH, 


^ _ 

HjC.i.H 

_^ 

H,C.i.H 

HaSOa 

u i 


H, 

-^TT ur i 

’I ku i 


CH, H,C-CH-CH, H,C-CH-CH, 

(X) (XI) 


* aaxzeUa, 1914, 44, l, S68. 

* OatzeUa, 1913, 48, n, 522. 


t Sohimmel and Co. loc, cit. 
» Ber. 1908, 41, 127. 
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The action of nitrous acid in hydrochloric acid solution on tlie 
crystalline oxime was investigated by Rimini, who obtained in 
place of the expected pemitrososantenone, a blue oil, b.p. 113- 
116°/9mm., having the composition C 9 Hi 4 ()NCL This oil on 
treatment with semicarbazide gives santenone semicarbazone, 
and it is possibly represented by formula (XIII). 



(XIII) (XIV) 

Komppa and Hasselstrom’^ have described a liquid santenone 
hydmzone {acetyl derivative, m.p. 152-153'^) which on reduction 
with sodium ethoxide gave the hydrocarbon, santenane (XIV), 
m.p. 66-67^ b.p. 146-148°. 

Pemitrososantenone was prepared by the method adopted for 
the preparation of the corresponding derivative of thujone.^ It 
is an oil which cannot be purified, and gives on hydrolysis with 
alliali a mixture of santenoneoxime and santenone. Acid hydro¬ 
lysis gave, in addition to santenone, an isomeric ketone, iso- 
santenone, b.p. 185-186°, semicarbazone, m.p. 172-175°. The 
constitution of this ketone was not determined. 

isoNitrososantenone (XV), m.p. 89-90°, has been prepared by 
Palmen* and yields on degradation by the usual methods 
derivatives of santenic acid.* Hydrolysis with hydrochloric acid 
in the presence of formaldehyde gave santenonequinone (XVI), 
m.p. 84-85°, which forms a hydrate, m.p. 137-138°, disemicar- 
bazone, m.p. 238°, dioxime, m.p. 144-145°." A diketone having 
presumably the same structure was prepared by Semmler and 
Bartelt^ by the oxidation of benzylidenesantenone (XVII) with 
potassium permanganate in acetone solution. According to these 
authors it melts at 105°, b.p. 121-127°/10 mm. This difference 
in properties is probably due to stereoisomerism, a supposition 

* Annahn, 1932, 496, 164. + Qazzem, 1900, 80, i, 602. 

* Diatertation, Helsingfors, 1914. 

* Compare Aschan, Naphtenverbindungen, Terpene und Campherarten, 1929, 
p. 142. 

Palm6n, Finak» Kem. Medd, 1927, 36, 11. 


5 Ber, 1908, 41, 125. 
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which could readily be verified by oxidation to the stereoisomeric 
santenic acids* 

The quinone, m.p. 84-86°, obtained by Palmen, may be pre¬ 
pared more conveniently by the oxidation of santenone with 
selenium dioxide.* It readily forms a quinoxaline derivative, 
m.p. 102-103°, with o-phenylenediamine, and on treatment with 
sulphuric acid undergoes rearrangement to the keto-acid (XVIII), 
m.p. 132° {semicarbazone, m.p. 192°), which on oxidation with 
nitric acid gives pentane-jSye-tricarboxylic acid (XIX). The 
structures of both acids have been con&med synthetically by 
Chakravarti. This rearrangement is of particular interest in view 
of similar studies which have been carried out on camphor- 
quinone (p. 469). 


CH, 


CH 3 


H,( 

?-C— ( 

1 

JO Ha< 

J-C-( 

j 

JO HgC 


HaC.C.H 

1 

—► 

HaC.C.H 

_ 

Ha( 

J-CH ( 

3:CHC,Hs H,( 

J 

:j- —( 

H,C 


CH 3 

-i——CO 


(XVII) (XVI) 

H3SO4 

H.O-CO-CH. CHa 


H, 


HNOa 


!H-CH.CHa 

COgH 

(XVIII) 


HaC.C.H 

I 

-CH — 

(XV) 

HgC-COaH COgH 

H,C-CH-Ih.CH, 

io.H 

(XIX) 


A d-8antenonequi7ione^ m.p. 73-74°, b.p. 110-112°/12 mm., 
— 76*4° (in alcohol), has been obtained by the oxidation of 
d-santenone with selenium dioxide; ^ on oxidation with hydrogen 
peroxide it gives d-cis-^antcnic acid, m.p. 161-162°, -h38»3° 

(in alcohol) {anhydridey m.p. 129-130°). 

Semmler and Bartelt^ prepared hydroxymethylenesantenoney 
b.p. 110-113°/9 mm., by the action of i^oamyl formate on the 
ketone in the presence of sodium. 

Enkvist* has shown that the sodio-derivative of santenone, on 
treatment with carbon dioxide, gives santenone carboxylic acid 


* Chakravarti, J, Ind. C.8. 1944, 21, 319. 
t Ishidate and Sano, Ber. 1941, 74, il89. 

« J. pr, Chem, 1933 [u], 187, 261. 


t Ibid. 1907, 40, 4468. 
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(XX), m.p. lOO"*, the diethyl ester of which undergoes ring fission 
on treatment with sodium ethoxide to give homosantenic acid 
(VII). By the use of cyanogen in place of carbon dioxide, the 
corresponding nitrile may be obtained. 


OH, 


IL,C -c— 

I 

HoC.C.H 


-CO 


-CH-CH.CO2H 

(XX) 


CH3 

HgC-C-COaH 

I 

H3C.C.H 


-CbLCOaH 


(Vll) 


Komppa and Nyman^ have studied in some detail the reactions 
of tert-l-methylsantenyl alcohol (XXI), m.p. 77-79°, b.f). 82- 
83°/10 mm., and of the numerous products which may be derived 
from it. Reference can be made here to only a few of these com¬ 
pounds, and for further information the original literature may 
be consulted. The tertiary alcohol is obtained from santenone by 
the action of methyl magnesium iodide; on dehydration it gives 
l-methylsantene (XXII), b.p. 151-152°, which has also been 
obtained and studied by Toivonen,^ who observed its formation 
on dehydration of fenchyl alcohol (XXIII) over aluminium 
phosphate or kaolin. Hydration of l-methylsantene gives sec.-4- 


CH3 CH3 CH3 

H,C-- c/^^’ H,C-i-C.OH3 H,C- 1 -CH. 

I I 1 \OH I i II III 


H3C.C. 


OH 

HI - HjO 




I 






OH 
CH 3 


HjC—in-CH* H*C-CH—C.CH3 H*C-CH—C< 

(XXI) / (XXII) (XXIII) "^^“3 


/ 

/-*-H,0 

"OH* 


CH 3 

H*C-C-CO 


H 3 C 


HjC.i.H 

OrOa 

1 

HjC.C.H 


-.TT ¥TI / 



CH 3 

(XXIV) 


CH, 


HoC-C-CH* 


CH* 

(XXV) 


♦ Annalen, 1936, 517, 106; 518, 204; Ber. 1936, 69, 712; 1939, 72, 16. 
t 8wmtn, Kern, 1936, 88, 44; 1936, 9 B, 16. 
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methylsantenol (XXIV), oxidised by chromic acid to 4-methyl- 
santenone (XXV). This alcohol and ketone can exist in stereo- 
isomeric forms, and some progress has been made in their 
characterisation. 

Mention may also be made here of the lower homologues, 
aposantenol (XXVI) and aposantenone (XXVII), which have 
been synthesised and their stereoisomerism and reactions investi¬ 
gated by Komppa and Beckmann."^ 


HjO- 

HaC 
HaC- 


OH- 


i.H 

-in— 

(XXVI) 


-CH.OH 

-OHa 


HaC- 


-CH- 


HaC.kH 


-CO 


HaC- 


-CH- 


CHa 


(XXVIII) 


D. BELATED TRICYCLIC COMPOUNDS 


TERESANTALOL AND TERESANTALIC ACID 



CHa 



Teresantalic acid, C 10 H 14 O 2 , was isolated from sandalwood oil 
(obtained from Santalum album) practically simultaneously by 
Soden and Muller^ and by Guerbet.* Teresantalol, CjoHieO, was 
subsequently shown to be present in this oil,* although it had 
previously been prepared by Semmler and Bartelt" by reduction 
of methyl teresantalate with sodium and alcohol. 

Annalen, 1936, 528, 68. 

t Arch, Pharm, 1900, 238, 303. ♦ Compt, rend, 1900,180, 417. 

< Sekimmd’s Report, 1010, Oct., p. 106; 1911, April, p. 105. 

II Ber. 1907, 40 , 3102, 4465. 
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Teresantalic acid, m.p. 157°, b.p. 183°/28 mm., [ajj)" —77° 
(in benzene), is very resistant to the action of oxidising agents, 
but on digestion with hot dilute sulphuric acid it is converted 
into santene (II), whilst with formic acid the formate of santenol 
(III) is obtained, together with a lactone, m.p. 191°, the structure 
of which is discussed on p. 267. 

These observations led Semmler and Bartelt to propose that 
teresantalic acid might be represented by either the'' camphene ” 
formula (la) or the “camphor” formula (Ib). 


[ 7 J 


Cit 


CH, [lOJ 


C 



It was pointed out by Ruzicka and Stoir that these two 
formulae merely represent two different projections of the same 
three-dimensional model and are therefore identical; this is made 
clear by the numbering of the carbon atoms in the two formulae 
(la) and (Ib). 


* Hdv, Chim, Acta, 1922, 5, 928. 
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This constitution for teresantalic acid has been confirmed by 
Ruzicka and LiebL* Teresantalol (IV), ni.p. 114"^, b.p. 95- 
98°/9 mm., [a]j) +12"^ (in alcohol) was prepared by reduction of 
methyl teresantalate, and oxidised with chromic acid to teresan- 
talal (V), the semicarbazone (m.p. 217°) of which was then treated 
with sodium ethoxide at 180° to yield a hydrocarbon which was 
identified as tricyclene (VI). The liquid hy^ocarbon obtained by 
Semmler, by reduction of teresantalyl chloride (VII) with sodium 
and alcohol, was probably an impure form of tricyclene. 

Teresantalic acid is readily attacked by hydrogen chloride 
in methyl alcoholic solution, fission of the ci/cZopropane ring 


CH, 


CH3 

c 



CH, 

I 

c 



CrO, Na 


(VII) 

OH3 

c 



miv, CWm. Acto, 1926, »; 140. 
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occurring with the formation of a hydrochhroteresantalic acid, m.p. 
199°, which is probably one of the possible stereoisomerides of 
formula (VIII) since on reduction with sodium and alcohol it 
gives dihydroteresantalic acid (IX), m.p. 229°. The structure of 
the latter acid has been confirmed by a synthesis described by 
Hasselstrom;'*' 7r-bromocamphorsulphoxide (X), m.p. 137°, was 
oxidised with potassium permanganate to imketopinic acid (XI), 
m.p. 250°, the semicarbazone of which on treatment with sodium 
ethoxide gave dihydroteresantalic acid (IX), m.p. 227°. Reference 
has already been made to the observation of Semmler and Bartelt 
that treatment of teresantalic acid with formic acid gives, in 
addition to santenol, a crystalline lactone, m.p. 191°.^ This sub¬ 
stance, which, according to Hasselstrom,* is preferably obtained 
from methyl teresantalate under the same conditions, on treat¬ 
ment with alkali, followed by acidification, gives the corre¬ 
sponding hydroxy‘Ocid, m.p. 195-196°, to which formula (XII) 
must be assigned, since Hasselstrom has shown that on oxidation 
it gives a stereoisomer, m.p. 270°, of i^oketopinic acid (XI),* 
reduced through the semicarbazone to dihydroteresantalic acid. 



(X) (XI) (xri) 


Ann, Acad, Sci, Fennicae, 1929, A 80, no. 12; compare Wedekind and Stusser, 
Ber. 1923, 56, 1567. 

t See also Lipp, Chem, Ber, 1947, 80, 165. ♦ J. Amer. C.S. 1931, 63, 1097. 

» Some authors prefer to retain the term woketopinic acid for the trans-immer, 
m.p. 250® (in which the carboxyl group and the Tr-methyl group in formula (XI) 
would be interchanged), and use the systematic name, exe-n-apocamphor-1-carboxylic 
acid for the cis-isomer, m.p. 270®. For simplicity, cis-formulae are used throughout 
the present account for tins acid and related compounds, irrespective of the actual 
configuration of the substance under discussion. 
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Both stereoisomers of* the keto-acid (XI) have also been 
encountered by Asahina and Ishidate,*^ who have made the 
interesting observation that the semicarbazone, m.p. 265°, of their 
i^oketopinic acid, m.p. 250°, + 3° (in alcohol) on reduction 

with sodium ethoxide gives laevorotatory dihydroteresantalic 
acid, m.p. 231°, —18° (in alcohol), whilst the semicarbazone, 

m.p. 215-216°, of the stereoisomeric keto-acid, m.p. 272°, 
+67° (in alcohol) gives the enantiomorphous dihydro¬ 
teresantalic acid, m.p. 231°, [ajjf +18° (in alcohol). 

The constitution (XIII) now assigned to the lactone, m.p. 191°, 
differs from that (XIV) originally proposed by Semmler and 
Bartelt who were of the opinion that formula (XIII) represented 
an isomeric lactone, m.p. 103°, obtained by Muller by the action 
of cold alkaU on hydrochloroteresantalic acid (VIII). This 
so-called ‘‘Muller lactone’* has recently been reinvestigated by 
Asahina, Ishidate and Momose,^ who conclude that it is a j3- 
lactone (XV) in the form of a mixture of stereoisomerides derived 
from the rearranged hydrochloride (XVI). This hydrochloride 
was not isolated, but has been prepared indirectly (see below) 
and shown to give the Muller lactone when dissolved in cold 
alkali. On treatment of the lactone with hot alkali it passes into 
a mixture of the corresponding ^-hydroxy-acid (XVII), m.p. 185°, 



* Ber, 1933, 66, 1673. 


t im, 1935, 68, 559. 
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[a])? ** — 5* 8° (in alcohol) and apocamphenecarboxylic acid {XV 111), 
m.p. 142°, [aJx?" —68*8° (in benzene). Furthermore,* the latter 
acid is stereoisomeric with a product, m.p. 142°, [ajp —127*6° 
(in benzene), which had been obtained by Rupe and Tomi^ by 
the action of aniline on methyl hydrochloroteresantalate, and 
termed by them imtereaantalic acid; this acid* was originally 
thought to be a stereoisomer of teresantalic acid. 

Apocamphenecarboxylic acid on oxidation with chromic acid 
gives santenone, and hydration with a mixture of sulphuric and 
acetic acids gives the y-hydroxy-acid (Xll) as a mixture of 
stereoisomers. One of these, termed hcis-TT-apoborneoUl-car¬ 
boxylic acid is obtained in the form of the lactone (XIII), m.p. 
191°, readily separated from the trans-isomer, m.p. 288°, 
Wir —47*3° (acetate, m.p. 122°); on oxidation, these give the 
corresponding stereoisomeric forms of isoketopinic acid (XI), 
m.p. 270° and 250° respectively. A third stereoisomer of 
the y-hydroxy-acid (XII) is obtained by the reduction with 
sodium and alcohol of isoketopinic acid, m.p. 250°; it has ra.}). 
273°, -f 4° (in alcohol), is a trana-aciA, differing from the 

acid, m.i). 288°, in the configuration of the hydroxyl groujD, and 
its bromide on treatment with aniline gives the same apo¬ 
camphenecarboxylic acid —71° as that obtained from the 
MiilJer lactone. When apocamphenecarboxylic acid is treated in 
methyl alcoholic solution with hydrogen chloride it gives the 
hydrochloride (XVI), m.iJ. 174°, —84*3° (in alcohol), in 

quantitative yield. 

The term ‘‘isoteresantalic acid’’ is still retained for the stereo¬ 
isomer of apocamphenecarboxylic acid, and its properties have 
been further investigated by Steiger and Rupe.* For a rigorously 
purified sample they give m.p. 137°, -150*8° and for 

the methyl ester, b.p. 91°/10 mm., [a]|J-133*5° (homogeneous) 
(mercuri-acetate compound, m.p. 214°). It is worthy of note that 
the melting-point of i^oteresantalic acid is not depressed by ad¬ 
mixture with apocamphenecarboxylic acid. On hydrogenation 

^ Asahina, Ishidate and Momose, Ber. 1935, 68, 83; compare Asahina and 
Ishidate, ibid, p. 555; Asahina, Ishidate and Sano, ihid» 1936, 69, 343. 

t Ber, 1916, 49, 2563. 

^ It is of interest to note that this isomer, together with some teresantalic acid, 
is formed by the dehydration of the j8-hydroxy-acid (XVII). 

• Hdv. Chim. Acta, 1937, 20, 1117. 
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under various conditions; idoteresantalic acid gives rise to two 
different dihydroimteresantalic acids, m.p. 106-107^ and 121- 
122°, neither of which is identical with dihydroteresantalic 
acid* 

Teresantalic acid is a degradation product of a- and j8-santalene 
and of a-santalol (Vol. ill); it has also been obtained^ by the 
oxidation of the hydrazone of i^oketopinic acid with mercuric 
oxide. 

d-Teresantalol, obtained by reduction of methyl teresantalate, 
has m.p. 114°, b.p. 95-9879 mm., Wjr)+12° (in alcohol). 
dl-Teresantalol, m.p. 118°, has been prepared* by the oxidation 
of tims-n-hydroxycamphor hydrazone (XIX) with mercuric oxide. 
When heated with dilute sulphuric acid, teresantalol gives 
apocamphenecarbinol (XX), m.p. 146°, whilst with hydi'ogen 
chloride it gives a product, m.p. 125-126° (without purification), 
which is ])robab]y mainly 2<hlorocamphan-HH)l (XXI); on re- 



(XXIII) (XXI) (XXll) 


♦ Hdv, Chim, Acta, 1937, 20,1117. 

t Asahina, Ishidate and Momose, Ber. 1935, 68, 83. 

* Asahina and Ishidate, Ber. 1935, 68, 947; Guha and Bhattacharyya, J. Ini. 
Q.8. 1944, 21, 271, 
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duction with sodium and alcohol this gives dihydroteresantalol 
(XXII), m.p. 171 which may also be prepared by the reduction 
of dihydroteresantalic acid (IX) with the same reagents.^ 

Both d- and hdihydroteresantalols, m.p. 200*5^, [aJ/j ± 17° (in 
alcohol), have been prepared^ by reduction of the semicarbazones 
of ds- and ^m/^t^-Tr-hydroxycamphors (XXIII) (see p. 431). 

dl-Dihydroteresantalal, m.p. 172-173° (semicarbazones m.p. 
214-215°), is obtained by the oxidation of dihydroteresantalol 
with chromic acid. 

Hasselstrom, J. Amer. 19.S1, 53, J097. 

+ Semmler and Bartelt, lor. rit. 

♦ Asahiua and Ishidate, Her, 1934, 67, 71. 



CHAPTER V 


CAMPHANE, i^OCAMPHANE AND 
THEIR DERIVATIVES 

A. HYDROCARBONS 

CAMPHANE 



The saturated dicycKc hydrocarbon, camphane, CioHje, is of 
outstanding importance, since it is the parent hydrocarbon of 
the camphor group. Attempts to prepare this hydrocarbon by 
the direct reduction of camphor have not proved successful, but 
it has been obtained by methods which leave no doubt that it 
must contain the same ring structure as the ketone. 

The impure hydrocarbon (II) was first prepared by Letts’^ and 
almost simultaneously by Montgolfier^ by the action of sodium 
on molten bornyl chloride (I), being later obtained pure by 
Kachler and Spitzer* by reduction of the chloride in benzene 
solution with sodium. Semmler* later showed that camphane 
was formed when either bornyl chloride, ii'obornyl chloride or 
bornyl dichloride was reduced with sodium in alcoholic solution, 
whilst Asclian" has described its preparation by the reduction 
of bornyl iodide with zinc dust in aoetic-hydriodic acid solution. 
This latter method of preparation has the advantage that it is 
performed at the ordinary temperature and so minimises the risk 
of molecular rearrangement. Reduction of bornyl chloride has 
also been observed to occur when the chloride is allowed to react 

* Rep* Brit* Aseoc* 1876; Ber* 1880,13, 793. 

+ Ann, Ghim. 1880 [v], 19, 146. 

* Ber. 1880,18, 616, 2236. 

* Ibid. 1900, 33, 777, 3424; compare Meerwein and Wortmann, AnnaUnf 1924, 
436, 206. 

li Ber* 1900, 33, 1009; 1912, 45, 2396; AnndUn, 1901, 316, 234. 
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with magnesium and the product subsequently treated with 
cyanogen.* 

OH3 CH3 (^H3 

HaC- 1 -CHOI HoC-i--CH. Il„(^-C- 
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-CH-CHg (^^HfiOH H/: -OH-OHg 

0 ) (II) 


IKcJ'.CH, 


HjC-CH—OH 
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Henderson and Pollock^ liave shown that camphane can be 
conveniently prepared by the hydrogenation of bornylene (III) 
by the Sabatier-Senderens process, using a nickel catalyst and 
a temperature of 170-190''. 

A dire(‘t proof of the structural relationshi]) of c^amiDhane to 
camphor has been furnished by Kishner* and by Wolff,'* who 
prepared the hydrocarbon from cami)hor}iydrazone (IV), the 
decomposition of the hydrazone being effected either by distilla¬ 
tion with potassium hydroxide or by the action of sodium 
ethoxide at 190°. A somewhat similar method is involved in its 
preparation from the dihydrazone of the diketone (V) (see p. 393)." 
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Camphane crystalhses in six-sided plates, m.]). 156“156’5°, 
b.p. 160--161°/760 mm., and it is extremely volatile even at the 
ordinary temperature. It has a faint odour resembUng that of 
borneol. The hydrocarbon is optically inactive whatever its 
method of preparation, and this is in agreement with theory, 
since its molecule contains a plane of symmetry. It is extremely 
resistant to most reagents and it is not attacked by fuming 
sulphuric acid at 180°. Nitro-derivatives have, however, been 
prepared by the action of dilute nitric acid at 145-150°. This 

* Qrignard, Bellet and Courtot, Ann, Chim. 1919 [ix], 12 , 374. 

+ J,C,S. 1910, 97, 1620. 

* J, Russ. Pkys. Chem, Soc. 1911, 43, 682. » Annalen, 1912, 394, 95. 

" Bredt and Goeb, J. pr, Chem. 1920 [ii], 101, 278. 
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reaction, which was first studied by Konowalov and Kikina,^ was 
investigated further by Nametkin,^ who showed that two stereo- 
isomeric nitrocamphanes (VI) and (VII) are formed. on-Nitro- 
camphane melts at 128-130° and ol'- nitrocamphane at 146-147°; 
they are separable by fractional crystallisation and both on 
oxidation yield rfZ-camphor. 


CH, 
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HgC-CH— CH^ 

(VII) 


Gandini* has shown that camphane reacts with chlorine in 
carbon tetrachloride solution to give bornyl chloride (I); further 
action results in the formation of 2:Z-dichlorocamphane (VIII), 
m.p. 126°. 
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2-DeMierocamphane (IX), m.j). 156°, has been prepared* by the 
treatment of Z-bornyl magnesium cliloride with deuterium oxide, 
whilst 2: 3-dideuterocamphane (X) is obtained by the reduction 
of Z-bornylene (III) with deuterium." Neither product shows any 
appreciable optical activity, which supports the view that the 



(IX) (X) 


* J. Ru 88, Phy8, Ohem. Soc. 1902, 34, 935. 

t IbiijL 1915, 47, 409. * OazzeUa, 1936, 66, 357. 

t Biilmann, Jensen and Knuth, Ber, 1936, 69, 1034; Biiimann, Jensen and Bak, 
ibid. p. 1947. 

I^ffler and Adams, J. Atner. C.8. 1936, 58, 1555, 
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replacement by deuterium of one or more hydrogen atoms in a 
non-resolvable compound, to give a structure which no longer 
possesses any of the essential elements of symmetry, does not 
result in stereochemical asymmetry. 


Y^OCAMPHANE {DlUYDROCAMPHENE) 

//CH3 


il«C- 




i. 


H-Cll.ClIa 


Owing to the marked tendency of eamphene and its derivatives 
to isomerise to substances containing the camphane nucleus, 
considerable difficulty was experienced in the pre])aration of the 
saturated hydro(*arbon, u’oeamphane or dihydrocamphene (II), 
OioHig. The early experiments made with the object of preparing 
this hydrocarbon had as their starting-point substances, such as 
bornyl chloride, containing the camphane nucleus, and impure 
i^ocamphane was probably first obtained by Semmler* by heating 
borneol with zinc dust under pressure. The introduction of 
catalytic methods of hydrogenation has rendered it possible to 
prepare this hydrocarbon by less drastic reactions. 
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In 1901, 8abatier and Senderens^ hydrogenated eamphene (I), 
m.p. 41°, with a nickel catalyst at 160-176°, and obtained a 
saturated hydrocarbon, b.p. 164-166°, d% 0*849, which probably 
consisted essentially of isocamphane. This method of reduction 
was also used by Zelinski* who, from a d-camphene, m.p. 49-50°, 
obtained a crystalline hydrocarbon, m.p. 60-61°, which was 
slightly dextrorotatory and consisted undoubtedly of pure iso- 

♦ Ber, 1900, 33, 776. 

+ Compt, rend, 1901, 132, 1256; Ann. Chim. 1905 [viu], 4, 391. 

* J. Ru 88. Phya. Chem. Soc. 1904,36, 768; Zelinski and Gutt, Ber. 1907, 40, 4747. 
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camphane. Shortly afterwards Semmler’^ pre])ared a mixture of 
camphene and isocamphane by a somewhat different method. 
He converted camphenilylcarbinol (III) into the corresponding 
chloride (IV), which on reduction gave a mixture of the two 
hydrocarbons (I) and (II). 
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In 1911, Lipp ^ studied in detail the preparation and properties 
of f^ocamphane and showed the apparently divergent results of 
Sabatier and Senderens and of Zelinski to be due to the use by 
the former of an impure camphene.* He found that when care¬ 
fully purified camphene was reduced over a nickel catalyst at 
170-190°, or at the ordinary temperature in the j)resence of 
platinum black, a crystalline i^ocamphane was obtained, accom¬ 
panied by only a small quantity of a liquid hydrocarbon, which 
was probably cyclofenohene (p. 550). By the reduction of optically 
active camphene an optically active i^ocamphane was obtained, 
which was opposite in sign to the unsaturated hydrocarbon. 
i^oCamphane has been prepared by Ipatiev* by the reduction of 
cami)hene at high pressures at 240°, using a nickel oxide catalyst, 
and also from d-bomeol with a mixed alumina-nickel oxide 
catalyst at 110 atmospheres with a temperature of 215-220°. 
In the latter case Z-i.90camphane was obtained. According to 
Meerwein and Emster" tricyclene on distillation over nickel at 
180-200° in a current of hydrogen yields isocamphane. 

(iZ-t5oCamphane melts at 65-66°, b.p. 164*5°/709 mm., 
eZjJ'* 0-8275, nfj*' 1-4418, whilst for the optically active modifica- 

♦ Ber. 1909, 962. + Anrudeh, 1911, 882, 265. 

♦ Compare Henderson and Pollock, J.C,S, 1910, 97, 1022. 

♦ Ber. 1912, 45, 3206. H Ibid. 1920, 63, 1820. 
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tions the following constants have been observed: d-i^jocamphane, 
m.p. 62-63"^, b.p. 166-166*57760 mm., [aJ^j +8*68^^; Z-isocam- 
phane, m.p. 63-64*57 b.p. 1647757 mm., 0*8417, [a]^ -8*5^ 
(in alcohol). 

Altliough only one form of i^ocamphane has apparently been 
obtained, it is theoretically capable of existing in both the endo^ 
(II a) and exo~ (11b) configurations. According to Alder and 
Stein ^ the known form is the c/*.(Zn-modification. 
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Although the prc]jaratioii of the optically active modifications 
of /6'ocamphane provided evidence that it contained an asym¬ 
metric structure and so differed from cainphane, the constitution 
assigned to it was confirmed by Lipp from a study of its degrada¬ 
tion products. On oxidation with potassium permanganate in 
acetic acid solution it was found to yield a mixture of cam- 
phenilanaldehyde (V), cawphenilanic and isocamphenilanic acids 
(VI), whilst by the action of nitric acid it gave the same products 
as camphene (p. 311), camphene nitrosite, carboxyapocamphoric 
acid and isocam 2 )horonic acid. The mechanism of this reaction 
is discussed on p. 312. 
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When i^ocamphane is heated with magnesium chloride solution 
under pressure at 400° partial dehydrogenation is observed.* 

The high melting-pomt, 87®, recorded by Vavon (Compt, rend, 1909,149, 998) 
for i>ooamphane prepared by the hydrogenation of camphene with a platinum black 
catalyst was probably due to his having used an impure specimen of camphene, his 
hydrocarbon consisting essentially of camphane. 
t Anfuden, 1936, 526, 203. 

♦ Ipatiev and Pines, J, Amer, C.8, 1945, 67, 1931, 
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The nitration of i^ogamphane has been investigated by 
Nametkin and Abakumovskaja,^ who obtained a nitroimcam- 
phane^ m.p. 48-49°. This substance probably has formula (VII), 
since on oxidation with potassium permanganate it yields a 
mixture of two stereoisomeric ketones, ^-isocamphone (VIII), 
m.p. 91-92°, semicarbazone, m.p. 196-197°, and p'-iHocamjyhone 
(IX), m.p. 63-64°, semicarbazone, m.p. 195°. The structural 
identity of the two ketones, which are also formed during the 
nitration of the hydrocarbon, was established by their oxidation 
to the same dibasic acid, J :2:24rimethylcyclopentane-3:5-dicar-‘ 
boxylic acid (X), m.p. 178-180°. 
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CAMPHENILANE 


The saturated dicyclic hydrocarbon, camphenilane, (II), 

was prepared by Nametkin^ by Edshner's method from cam- 
phenilom hydrazone (I), its constitution following from its method 
of preparation. It has also been obtained in a similar manner 
from jS-fenchocamphorone hydrazone (III).* 

♦ J, Ru88. Phys. Chem, Soc. 1916, 47, 414. 

^ Annahn, 1924, 438, 186; oompare Nametkin and Chuohrikeva, J. Russ, Phys. 
Chem, Soc. 1915, 47, 425; Nametkin and Alexandrov, Anndlen, 1928, 467, 191. 

^ Komppa and Hasselstrdm, Annalent 1932, 406, 164. 
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Camphenilane is an oil, m.p. 17*5°, b.p. 142*5°/753 mm., 
0-8547, 1-4555, -11-2" (in alcohol), -12-3° (in 

benzene). It is extremely stable to mtric acid and resembles in 
this respect the ]>araffins. When treated with this reagent 
(d!= 1-015) at 140-145° it gives a mixture of two nitrocain- 
phenilanes, two isomeric ketones, C^ 9 Hi 40 , and a dibasic acid. 

The acid was identified as am-apofeuchocamphoHc acid (IV), 
m.p. 144-5-145°. The two nitrocamphenilanes, cL-nitrocampheniU 
arte (V), m.p. 18-20°, b.p. 124-5-125°/20 min., and 2-nitrocam- 
phenilane (VI), m.p. 89 -91°, were orientated by oxidation to the 
corresponding ketones. a-Nitrocamphenilane was found to yield 
^-fenchocamphorom (VII), m.p. 60-63°, identical with the ketone 
prepared by Komppa and Roschier^ from apocyclene (p. 332), 
whilst 2-nitrocamphenilane gave camphenilom (VIII). These two 
ketones were also formed directly by the action of nitric acid on 
camphenilane. 



(VII) (IV) (Vni) 


♦ Antwlen, 1922, 429, 176. 
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Cainphene, CioHie, is the only crystalline dicyclic hydrocarbon 
occurring in nature and, for this reason, it is the only terpene 
hydrocarbon which is easily obtained pure and free from 
isoinerides. i-Camphenc was first separated by Gobolov’^ from 
the essential oil derived from Abies Sibirica, and the d-, Z- and 
dZ-forms have since been shown to occur fairly widely distri¬ 
buted.*^ Camphene had been prepared in the laboratory many 
years prior to its discovery in nature. It was mentioned on p. 106 
that when dry hydrogen chloride is allowed to react with oil of 
turpentine, a crystalline hydrochloride, ‘'artificial camphor”, 
CioH-ie» HCl, is obtained. After the preparation of this substance 
by Kindt* in 1802, experiments were instituted with the object 
of removing the halogen, and in 1831 Oppermann,® by the action 
of lime and other bases, obtained a ])artially crystalline hydro¬ 
carbon of the composition OioHig, which undoubtedly contained 
camphene. These experiments were repeated by Dumas' who 
introduced the name camphene or camphogene for the hydro¬ 
carbon so obtained. It is unnecessary to do more than refer to 
the later researches of Blanche^ and Sell,’ Dumas and Opper- 
mann,*^ Souberain and Capitaine,** and we may pass on to a 
consideration of the classical work of Berthelot. In 1858** 
Berthelot first prepared pure camphene by heating “artificial 
camphor” with an excess of sodium stearate or sodium benzoate 
in sealed tubes at 240-260®. He described it as a crystalline solid, 
m.p. 46°, b.p. 160°, which, when oxidised in the presence of 
platinum black, gave camphor. He made the further important 
observation that, whereas “artificial camphor” from tereben- 
thine (Z-pinene) gave Z-terecamphene (Z-camphene), that prepared 


* J. Ru 88, Phys. Chem. 8oc. 1888, 20, 585. 

+ Gildemeister and Hoffmann, Die Atherischen Ole, i, 317. 

* Trcmntsdorf J, Pharm. 1803,11, ii, 132. 

s Pogg, Annalen, 1831, 22, 193. H AnnaUn, 1833, 6, 245. 

5 Ibid, p. 259. Ibid. 1834, 9, 69. 

tt Ibid. 1840, 34, 311. « C<mpt. rend. 1868, 47, 266. 



cn. V 


AND THEIR DERIVATIVES 


281 


from australene (d-pinene) gave d-austracamphene (^^-camphene). 
It is remarkable evidence of the genius of Berthelot that he 
recognised at this early date that pinene and camphene could 
not have the same structural formulae and that ^‘artificial 
camphor’’ did not contain the original structure of pinene* The 
full implication of this interpretation of his results was not 
appreciated for many years, “artificial camphor” being still 
referred to as a derivative of pinene. The elimination of hydrogen 
chloride from “artificial camphor” was investigated by Riban,^ 
who succeeded for the first time in preparing dZ-camphene from 
rf/*pinene, and he studied in some detail the reactions of both the 
optically active and inactive forms of the hydrocarbon. It is not 
improbable that he was the first to prepare the true camphene 
hydrochloride, since he remarked on the facility with which the 
])roduct prepared by the action of hydrogen chloride on camphene 
decomposed. In the years following, the conditions governing 
the removal of hydrogen chloride from “artificial camphor” 
(bornyl chloride) were studied by numerous investigators,^ and 
in view of its technical importance the reaction has formed the 
subject of many patents. 

Although Berthelot had shown in 1858 that camphene gave 
on oxidation camphor, and it was well known that the latter 
could be reduced to borneol, attempts to convert the alcohol into 
camphene by direct elimination of water are not recorded in the 
earlier hterature. It is true that Riban* prepared “borneo- 
camphene” from the hydrochloride resulting from the action of 
hydrogen chloride on borneol, but its identity with the camphene 
derived from “artificial camphor” would appear to have been 
first recognised by Wallach* and by Briihl." Oppenheim and 
Pfaff*^ investigated the action of phosphorus pentoxide on 
borneol and described a hydrocarbon, “borneene”, which was 

Ann, Chim. 1876 [v], 6, 363. 

+ Inter dl,^ Wallaoh, Annalen, 1887, 239, 6; Bouchardat and Lafont, BaU, Soc, 
chim, 1887 [ii], 47, 489; Bruhl, Ber, 1892, 25, 147; Marsh and Stookdale, J,C.S, 
1890, 67, 964; Marsh and Gardner, ibid, 1891, 69, 648, 730; Reychler, BuU, Soc, 
chim, 1896 fm], 15, 371. 

♦ Ann, Chim, 1876 [v], 6, 363. 

s Annalen, 1886, 280, 233; 1887, 239, 6; 1888, 246, 209; 1889, 252, 140; 1892, 
269, 349. 

II Ber, 1892, 25, 148. 

5 Ibid, 1874, 7, 626. 
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probably impure camphene, since Wallach showed definitely 
that camphene was formed in this reaction. 

The elimination of hydrogen chloride from bornyl and iso- 
bornyl chlorides provides the most important method for the 
prejjaration of camphene, but it is obtained also in other reactions 
to which reference will be made in the sequel. 

Although camphene can be prepared readily in a crystalline 
form, doubts were raised from time to time as to whether the 
hydrocarbon was actually homogeneous and if the hydrocarbons 
prepared by different reactions were structurally identical. The 
exhaustive investigations of Aschan ^ leave no doubt that this is 
the case; d-, /- and dZ-camphenes, whatever their origins, have 
the same constitution. 

Since camphene shows such a marked tendency to undergo 
intramolecular rearrangement, the determination of its constitu¬ 
tion has afforded considerable difficulty and has given rise to a 
large volume of controversial literature, much of which it will be 
unnecessary to consider here. 

In view of Berthelot’s observation that camphene gave on 
oxidation camphor, it is natural that all the earlier constitutional 
formulae for the hydrocarbon were based on that of the ketone. 
The remarkable stability of the camphor structure, as compared 
with that of pinene and the other hydrocarbons known at the 
time, led Hlasiwetz ♦ to represent camphene as a saturated hydro¬ 
carbon (I) and other tricyclic formulae were suggested at a much 
later date. In 1873 Kekule* suggested (II) containing two 
etliylenic linkages, the formula being based upon the facile con- 
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* Annalen, 1885, 230, 237. t Ihid. 1911, 888, 39. 

* Ber. 1870, 8, 539. » Jbid, 1873, 6, 931. 
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version of camphor into derivatives of benzene, whilst we owe 
to Armstrong* the suggestion of a dicyclic structure with one 
ethylenic linkage (III). 

The investigations of Kannonikov^ on the molecular refraction 
of camphor, borneol and their derivatives had shown them to 
contain a saturated structure, and it followed therefore that the 
elimination of water from borneol must yield either a tricyclic 
saturated hydrocarbon or a dicyclic hydrocarbon containing one 
ethylenic linkage. BriihP was at first inclined to the former 
alternative, but four years later® he agreed with the conclusion, 
at which Wallach" had previously arrived, that camphene was 
a dicyclic hydrocarbon containing one ethylenic linkage. In 
conformity with the structure at the time assigned to camphor, 
formula (IV) was suggested for the hydrocarbon, but in 1893 
Jiredt^ with the advent of his new camphor formula modified 
this to (V). 
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This formula received general acceptance, although tricyclic 
formulae were suggested by Collie,** Marsh and Gardner,^^ and 
Dodge.** Prior to the investigations of Wagner, which must now 
be discussed, the only important alternative formula advanced 
was (VI), due to Bouveault.” 

In 1890, Wagner"" showed that camphene, on oxidation with 
dilute potassium permanganate, gave a glycol, camphene glycol^ 

* Ber, 1878, 11, 1698. 

+ J. Buss, Phys, Ghem, Soc. 1883,16, 469; J, pr. Chem. 1886 [ii], 82, 611. 

* Ber, 1888, 21, 177. * Ibid. 1892, 26, 168. 

» Annalen, 1887, 239, 61; 1889, 262, 136; 1892, 269, 346. 

5 Ber. 1893, 26, 3047. Ibid. 1892, 26, 1108. 

tt J.C.S. 1896, 69, 74. « Amer. Chem. J. 1902, 24, 649. 

»* BtOt. 8qc. Mm. 1893 [iii], 7, 403; 1894 [iii], 11, 134. «« Bear. 1890, 23, 2311. 
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CioHi(j(OH )2 , thu8 for thfe first time furnishing direct experimental 
evidence of the presence of an ethylenic linkage in the hydro¬ 
carbon, and some years later* he described the acids formed 
during the oxidation. He separated (i) a dibasic acid, camphenic 
acid (camphene-camphoric acid), CioHig 04 , isomeric with cam¬ 
phoric acid, and (ii) a hydroxy acid, carnphenylic acid, CioHigOg, 
which was an a-hydroxy acid, since it gave, on further oxidation 
with lead peroxide, a ketone, camphenilone, CgHigO. On the basis 
of the Bredt formula (V) it was somewhat difficult to account 
for the formation of this hydroxy acid, although a possible 
mechanism involving the scheme set out below was suggested: 
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This explanation was obviously unsatisfactory, and it was also 
extremely dilBftcult to account for the isomerism of camphoric and 
camphenic acids. In 1899, Wagner^ made the revolutionary 
suggestion that camphor and oamphene had not the same carbon 
skeleton and that, just as there was an intramolecular change in 
the passage of a-pinene (VII) to bornyl chloride and borneol 
(VIII) (compare p. 166) so also an intramolecular change occurred 
in the dehydration of the latter to camphene, which he now 
represented by (IX). On the bdsis of this new formula its oxida¬ 
tion to campheneglycol (X), camphenylic acid (XI) and cam¬ 
phenilone (XII) was to be anticipated, but the formation of 
camphenic acid, to which formula (XIII) was given, was evidently 
abnormal. 

This new formula for camphene, which only differed from that 
(XIV) suggested by Tiemann* in the position of the ethylenic 
linkage, received considerable support from the ftuther investiga¬ 
tions of Wagner and Brickner.* The elimination of hydrogen 

^ J. Rttas, Phys, Chem. Soc, 1896, 28, 64; Ber, 1897, 29, 124. 

t J, Ru 88, Phys, Ghent. Soc, 1899, 81, 680. 

* Ber, 1895, 28,1090. The Tiemaim formula was based oh his proposed modihoa- 
tion of the Bredt camphor formula (see p. 376). 

• Ibid, 1699, 82, 2302. 
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chloride from bornyl chloride by the action of alkali does not take 
place very readily and involves heating the reactants. The sole 
product of the reaction is, however, camphene. Wagner and 
Brickner found, however, that, if bornyl iodide (XV) was used 
instead of the chloride, the reaction proceeded with much greater 
facility and resulted in the formation, not only of camphene, but 
also of a new isomeric hydrocarbon, bornylene,'' m.p. 98°. This 
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* Wagner and Brickner’s bomylene was not quite pure and contained some 
tricyolene. 
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hydrocarbon must have^the formula (V), previously assigned by 
Bredt to camphene, since on oxidation it gives camphoric acid 
(XVI). In this case the elimination of hydrogen iodide had taken 
place without intramolecular change. 

Whilst the Wagner formula was successful in explaining in a 
sim})le manner the majority of the reactions of camphene, it did 
not readily account for its oxidation to camphenic acid with 
potassium permanganate or to ds-apocamphoric acid with nitric 
acid (see p. 301). What, however, appeared at first sight to be 
a more fundamental objection was the observation due to 
Semniler,* that on ozonolysis camphene did not yield, as would 
have been anticipated, camphenilonf (XII) but the lactone, 
dimethylnorcampholide (XVII), the constitution of which was 
])roved shortly afterwards by its synthesis.^ An explanation of 
the formation of this lactone was, however, supplied by Harries 
and Palmen.* They found that, when camphene was ozonised in 
acetic acid solution and the ozonide decomposed in the usual 
manner, a mixture of approximately equal quantities of cam- 
phenilone (XII) and the lactone (XVII) was obtained. The latter 
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was, however, a secondary product of the reaction resulting from 
the degradation of the ketone through the peroxide (XVIII), 
a reaction analogous to the oxidation by Caro’s reagent of 

* Ber. 1909, 42, 246. 

* Komppa and Hintikka, Ber. 1909, 42, 898. 

* Ber. 1910, 43, 1432. 
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saturated ring ketones to lactones.* Harries and Palmen con¬ 
cluded, therefore, that, contrary to the assumption of Semmler, 
the formation of the lactone was in full accord with the Wagner 
formula. This received additional support from the experiments 
of Buchner and Weigand,^ who condensed camphenc with ethyl 
diazoacetate and obtained an ester which gave on hydrolysis a 
tricyclic acid (XIX) and from the latter, by oxidation with 
potassium permanganate, QyQ\opropane’-\\\\24rioarboxylic acid 
(XX) was obtained. This acid could only result from the addition 
of the diazo-ester to an exocyclic ethylenic linkage, since, had 
this been endooyclic, cycfopropane-1:2:3-tricarboxylic acid 
would have been formed on oxidation. 
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These experiments of Buchner and Weigand were of con¬ 
siderable importance, since Aschan^ had shown that camphenic 
acid must have the constitution (XIII) suggested by Wagner. 
In his opinion the formation of camphenic acid was explained 
most simply if camphene was represented by the endooyclic 
formula (XXI). 

This formula for camphene was, however, finally disproved by 
Lipp, Gotzen and Reinartz's* synthesis of endocamphene (XXI) 
from W'bromocamphene (XXII) (p. 288), When this bromide is 
treated with alkali it yields, amongst other products, a ketone, 
'R-homocamphenilone (XXIII), semicarbazone, m.p. 210-211®, the 
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* Baeyer and ViiUger, Ber. 1900, 33, 858. + Ber. 1913, 46, 769. 

♦ Annalen, 1910, 376, 336. Aschan’s proof of the constitution of this acid together 
with Lippis synthesis is described on p. 299. 

• Ibid, 1927, 453, 1. 
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constitution of which was proved by its oxidation to cam])henic 
acid (XllI) and by the fact that it was not acted upon by soda- 
nude, wliich would have been the case if it had had the alternative 
formula (XXIII a) (compare the action of sodamide on fenchone, 
p. 564). On reduction with sodium and alcohol R-homommphenilol 
(XXIV), m.p. 73“76°, b.p. 107-110^/10 mm., phenylurethane, 
in.p. 119°, was obtained, which, by dehydration with zinc 
chloride in benzene solution, gave endocam})hene (XXT),b.p. 
170-6-171-6°/744-5mm., 0*8957, 1*4844. The mole¬ 

cular refraction of endocamphene is normal and sliows no exalta¬ 
tion, whereas that of camphene, in agreement with the presence 
of an exocyclic ethylenic linkage, has an exaltation of 0*51 unit.* 



The conversion of the w-bromide into the ketone involves a 
widening of the ring and has an analogy in the observations of 
Hintikka^ that the lead salt of camphenylic acid (XI) on distilla¬ 
tion yields carbocamphenilone (XXV), m.p. 58-59°, which, on 
oxidation with hydrogen peroxide, gave camphenic acid (XIII). 
A similar type of reaction is involved in the formation of carbo- 



* Auvers, Annalen, 1912, 887 , 240. 
t Bar. 1914, 47 , 612. 
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These experiments leave no doubt that Wagner’s formula for 
eamphene correctly represents the constitution of this hydro¬ 
carbon, and it is probable that the occurrence of camphenic acid 
amongst the oxidation ])roducts is due to the intermediate 
formation of carbocamphenilone by the action of alkali on 
campheiiyhc acid. This suggestion receives support from the 
observation of Langlois ^ that, if the oxidation is carried out in 
neutral solution, no camphenic acid is formed. 

Camphene can bo prepared by the dehydration of mttkyl- 
camphenilol (XXVI) (p. 317), which is obtained by the action of 
methyl magnesium iodide on camphenilone (XII) and, since the 
latter has been prepared synthetically (see p. 308), this implies 
a complete synthesis of cam])hene. 
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The dehydration of methylcamphenilol is best effected by 
warming with dilute sulphuric acid, and in view of the great 
tendency for camphene to isomerise in the })resence of acids it 
would be dangerous, in the absence of other evidence, to accept 
this synthesis as a proof of the constitution of the hydrocarbon. 

When camphene is present in an essential oil in quantity, it 
can readily be identified by separation in the crystalhne form and 
determination of its melting-point, the identification being con¬ 
firmed by hydration by the Bertram-Walbaum method to iso- 
borneol. When it is present in small percentages its recognition 
is not simple, and is probably best effected by its oxidation with 
potassium permanganate in acetic acid solution to camphenilone. 

Somewhat divergent results have been quoted in the literature 
for the physical constants of camphene, but the following would 
appear to be representative values, the optically active and 
inactive modifications having approximately the same melting- 
point, 51-62^ b.p. 158-6~159*57760mm., 1*5514, 

[a]j) +103*89°, -84*9° (in ether), +107*7° (in benzene), +99*6° 

* Ann, Chim. 1919 [ix], 12, 301. 
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(in alcohol). The hydi*ocarbon has probably not been prepared 
optically pure. The molecular refraction, 44*02, shows a marked 
exaltation, 0*51, over the calculated value, 43*51, in good agree¬ 
ment with the constitution assigned to the hydrocarbon.^ The 
heat of combustion as determined by Auwers, Roth and 
Eisenlohr^ is 1471 kg.-cals. 

Before proceeding to a consideration of the properties of 
camphene, it may be useful to summarise the more important 
reactions by which it can be prepared. The majority of these 
originate from a-pinene^ and involve two Wagner rearrange¬ 
ments. The hydrocarbon can be prepared by the elimination of 
hydrogen chloride from bornyl chloride or from i^obornyl 
chloride; by the dehydration of borneol and isoborneol and by 
the action of acetic anhydride on bornylamine. By the use of 
suitable conditions it is possible to prepare by these methods 
camphene having a high rotatory power; thus 6i-bornyl chloride 
gives i-camphene, a reversal of sign occurring. Under many 
(‘onditions, however, comjdete raeeinisation occurs, and it is, 
only recently that a reasonable explanation of this inactivation 
has been put forward. It is necessary iifst to consider the work 
of Nametkin and Briissofl’* on the reactions of a-methylcamphene 
(XXVII), obtained by the dehydi’ation of ^er^.-methylborneol 
(XXVIII) or of ^eri.-methylfenchyl alcohol (XXIX) (p. 291)." 
On hydration, it does not give the expected b-methyli^oborneol 
(XXX), which would be formed by a normal Wagner change, 
but the 4:-methyl isomer (XXXI), which on dehydration gives a 
mixture of a- (XXVII) and jS- (XXXII) methylcamphenes. The 
latter, pn hydration, also gives 4-methyli5oborneol, but this can 
be explained by a normal Wagner rearrangement of the inter¬ 
mediate hydrate (XXXIII). In the case of a-methylcamphene, 
however, it appears that the primary hydrate (XXIX) first 
undergoes a pinacoUc change into this jS-methylcamphene 
hydrate (XXXIII). The fact that dehydration of the 4-methyl- 
i^obomeol gives both a- and j8-methylcamphenes indicates the 

♦ Auwers, Awnalen, 1912, 887, 240. 

t AnnaleUt 1910, 373, 275; oompare Roth and Ostling, B&r, 1913, 46, 323. 

♦ For the direct conversion of a-pinene into camphene, see p. 135. 

♦ AnnaUn, 1927, 459 , 144; J. pr, Chem. 1932 [ii], 136, 166; compare Bredt- 
Savelsberg and Buchkremer, Ber, 1931,64,600; Schavrigin, Chem. Aha. 1948, p. 7276. 

II The a-methylcamphene is in each case accompanied by a-methylfenohene 
!X.2CXTV). 
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reversibility of the two reaction mechanisms. Similar trans¬ 
formations have been carried out on ethyl-, propyl-, and phenyl- 
f^oborneols.'^ 

Since in camphene itself (IX) the bridgeheads are identical, 
a similar series of transformations would not result in the forma¬ 
tion of any structural isomers of camphene, but would give rise 
only to a change in configuration. Thus, in the scheme set out 

« Nametkin et al., J. pr, Chem. 1930 [ii], 124, 144; Ber. 1933, 66 , 511; Sivkoff, 
J, Qen. Chem. Buss. 1945,15, 70. 


19-2 




292 CAMPHANE, 150CAMPHANE 

below, (XXVI) and (XXVIa) are not identical, but are mirror 
images, and it therefore follows that under conditions favoui*able 
to this pinacolic change, the product will bo com])letely raeemised. 
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Similar considerations may be applied to the racemisation of 
camj)heno in non-aqucous solutions. Lipp and Stutzingcrhave 
discussed the formation of camphene from bornyl chloride by the 
action of aniline, and conclude that the initial production of the 
hydrocarbon occurs through camphene hydrochloride. This 
primary camphene, however, wliich if isolated at this stage is 
optically active, reacts with aniline under the catalytic influence 
of the aniline hydrochloride already formed, to give the 2- 
derivative (XXXV). This may then undergo rearrangement to 
give mobomylaniline (XXXVI), b.p. 173-175714 mm., ' 
1-021, either by a direct Wagner change, in which case the 
product, if isolated without delay, shows [a]/j—89-0°, or, if 
the reaction time is prolonged, by a transformation of the 
Nametkin type, via (XXXVa), to give a mixture of d- and 
/-forms (XXXVI) and (XXXVIa). The secondary camphene, 
obtained by thermal decomposition of the latter, will therefore 
be optically inactive. 

The formation of optically active camphene from bornyl 
chloride by the use of other reagents, such as potassium phen- 
oxide, is due to the inability of camphene to add the phenoxide 

Ber. 1932, 65, 241; compare Houben and Pfankneh, ilM* p. 491; Nametkm 
and Schavrigin, J. Qen, Chem, Bubs, 1934, 4, 847; Kuwata, J»8,CJ, Japan, 1934, 
37, 389 B. 
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ion, and also to the fact that a certain degree of acidity is required 
for the pinacolic transformation to occur. 

The inactivation of cu -substituted camyrhenes has been studied 
by Ritter and Vlases,"^ but the exact mechanism has not been 
established. 

Camphene cannot be reduced with sodium and alcohol, whilst 
with hydriodic acid at 280° it yields a mixture of hydrocarbons 
which have not been identified. On catalytic hydrogenation it 
can, however, be readily reduced to /^ocamphane, the preparation 
and properties of which have already been discussed (p. 275). 
When the hydrocarbon is distilled over nickel in a current of 
hydrogen at 350-360° it yields ^-cymene.^ 

Reference has already been made to the oxidation of camphene 
with ozone (p. 286). Autoxidation gives mainly camphenilone.* 
By the action of perbenzoic acid, Faidutti * has prepared camphene 
oxide (XXXVII), b.p. 90-92°/20 mm., which on distillation with 
pumice yields camphenilanaldehyde (XXXVIII), m.p. 65-67°, 
b.p. 81-82°/10mm. {semicarbazone, m.p. 191-192°); this iso¬ 
merisation to the aldehyde is also catalysed by zinc bromide, so 
that the Reformatsky reaction, api)lied to the oxide, gives 
products identical with those which would be obtained from the 
aldehyde." Camphenilanaldehyde is also formed, together with 

* J. Amer, C.S, 1942, 64, 583. 

+ Sabatier and Gaudion, Compt. rend. 1919,168, 671. 

* Dupont, Ind. chim. Belg. 1940 [ii], 11, 3. 

* Compt. rend. 1929,189, 854. Arbusov, J. Oen. Chem. Rues. 1939, 9, 255. 
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camphene glycol, by the oxidation of camphene with peracetic 
acid.* By the oxidation of camphene with hydrogen peroxide in 
acetic acid solution Henderson and Sutherland^ obtained a num¬ 
ber of products, the more important being (i) camphene glycol, 
(ii) camphenilone, (hi) i^ommphenilanaldehyde, a stereoisomer- 
ide of camphenilanaldehyde (XXXVIII), (iv) camphenanic acid, 
C 9 H 15 CO 2 H, and (v) a substance, CgHigOg, b.p. 94-96°/14mm., 
the constitution of which has not been determined; it had 
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somewhat curious properties since, whilst it gave camphenilone 
on oxidation with potassium permanganate, on treatment with 
phthalic anhydiide it gave the hydrogen phthalate, m.p. 163^164°, 
of an alcohol, CgHigO, m.p. 94-95^^, probably a stereoisomeric 
mixture of camphenilols (XXXIX) (see p. 369). In a subsequent 
communication, Henderson and Sutherland^ discussed the 
problem of the relationship of the various isomeric acids, 

2 ’ 

derived from camphene, which have been described. These are 
four in number: (i) camphenilanic acid, m.p. 65°, prepared by 
Bredt and Jagelki* by the exposure of camphenilanaldehyde to 
the air; (ii) isocamphenilanic acid, m.p. 118°, which is formed 
when camphenilanic acid is reiieatedly crystallised from water, 
alcohol or light petroleum, but not if acetic acid is used. It 
is also obtained when this acid is boiled for some time with 
dilute nitric acid and by the oxidation of either camphenilan¬ 
aldehyde or i^ocamphenilanaldehyde with potassium perman¬ 
ganate; (iii) and (iv) camphenanic acid, m.p. 95°, and i^ocam- 
phenanic acid, m.p. 74°, which result from the oxidation of either 
camphene or bornylene with hydrogen peroxide. These two acids 
have also been isolated by Aschan" from amongst the products 
formed by the oxidation of camphene with potassium perman¬ 
ganate in acetic acid solution. 

♦ Kumagae, J,C, 8 , Japan, 1944, 66, 337. 

♦ Ibid, 1914,106, 1710. 

II Ofvers, Finska Vet, 80 c. 1911, 58 A, no. 12. 


t J.C, 8 , 1911, 99, 1630. 

> Anncden, 1900, 810, 112. 
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According to Bredf^ camplienilanic and /wcamphenilanic acids 
are represented by (XL) and correspond to the two stereoisomeric 
forms of the aldehyde (XXXVIII). This structure has been 
confirmed for isocamphenilanic acid as a result of the work of 
Komppa and Komppa,^ who have synthesised it by the hydro¬ 
genation of the condensation product from c^ciopentadienc and 
dimethylacrylic acid, as shown in the first part of the scheme 
below. 
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The relationship of camphenilanic and i.s‘ocamphenilanie acids 
to the other two acids is obscure. Except ?5ocamphenanic acid, 
the acids yield individual esters, b.p. 103-104‘^/22 mm., from 
which the original acids are obtainable on hydrolysis. From the 
ester ])re])ared from i6*ocamphenanic acid a mixture of cam- 
phenilaiiic and iwcamphenilanic acids was obtained on hydro¬ 
lysis. This can be interpreted in two ways. Either wcamphenanic 
acid is a mixture or else it isomerises on esterification. On 
reduction, all the esters A^ere found to yield the same alcohol, 
camphenilanol (XLI), m.p. 77°, hydrogenphthalate, m.p. 153°, the 
constitution of which is proved by its oxidation to camphenilan- 
aldehyde (XXXVIII). An alcohol of structure (XLI), m.p. 58- 
69®, had already been obtained by Semmler* by reduction of the 
enol-acetate of camphenilanaldehyde; this is probably a stereo¬ 
isomeric form. 

By oxidation of inactive camphene vdth lead tetra-acetate, 
Hiickel and Kirschner* have obtained an i?-homocamphenilone, 

» Annalen, 1909, 866, 57. + Ber, 1936, 69, 2606. » Ibid, 1909, 42, 964. 

I Chem. Ber. 1947, 80, 41; compare Ishidate, Inouye and Fnkusfaima, BuB. C.fl. 
Japan, 1942, 17, 491. 
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m.p. SI'", 0*9727, (semicarbazone, m.p. 223°; 

^’Uitrojphenylhydrazone^ m.p. 187°), which they consider to 
have the structure (XXIIIa). On reduction it gives two 
stereoisomeric forms of the corresponding 'R-homocamphenilol 
(XXIVa),one of which lias m.p. 84° {hydrogen phthalate, m.p. 
139°; p-nitrobenzoate, m.p. 109°) and the other m.p. 101° {hydrogen 
phthalate, m.p. 144°; p-nitrobenzoate, m.p. 96°). Optically active 
forms of these alcohols, prepared from active camphene, have 
also been described; respectively they have m.p. 64°, [aJlf*" -f- 8*4° 
in alcohol {Z:5-dinitrobenzoate, m.p. 109*5°), and m.p. 68*5-70°, 
Wn* —5*4° in alcohol {^ .^-dinitrobenzoate, m.p. 99-101°).^ On 
oxidation they give camphenic acid, and it is probable that 
72-homocamphenilone (XXIII a) is an intermediate in the forma¬ 
tion of this acid by the direct oxidation of camphene. Reduction 
of the oxime of the 7^-homocamphenilone (XXIIIa) gives two 
stereoisomeric l^-homoaminoiBocamphanes, originally thought to 
be ai-aminoi50camphanes. 
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The oxidation of camphene with chromic acid has been investi¬ 
gated by Berthelot,^ Riban,® Armstrong and Tilden" and by 
Kachler and Spitzer,^ and has been shown to yield amongst other 
products camphor (XLII). This oxidation obviously involves a 
Wagner rearrangement, and it seems probable that camphene 
hydrate (XXVI) is first formed which then tautomerises to 
borneol (or i^oborneol) (VIII) (compare p. 355) and the latter is 
oxidised to the ketone. This method has been used for the 
manufacture of camphor, and yields up to 88 per cent, have been 

It should be noted that the terms iZ-homocamphonilone and i2-homocamphenilpl 
are also applied to the structurally isomeric compounds (XXIII) and (XXIV) 

(p. 288). 

+ These compounds were originally termed iBOcamphanola I and II, and were 
formulated as stereoisomeric forms of camphenilanol (Huckel ei al,, Ber. 1937, 70, 
959; Annalen, 1941, 640, 186. 

* Compt, rend. 1869, 68, 334; Annalen, 1869, 160, 374. 

8 Ann. Chim. 1876 [v], 6, 387. II Ber. 1879,12, 1766. 

5 Annalen, 1880, 200, 369. 
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obtained in the presence of emulsifying agents such as na])h- 
thalenesulphonic acids.By carrying out the oxidation in acetic 
anhydride-carbon tetrachloride solution, Treibs and Schmidt^ 
obtained camphenilone, camphenilanaldehyde and camphenanic 
acid. 



(XXVI) 


/CH 3 

X)H 


C’H 3 

I 

- V —vnoH 

H3C.C Cll, 

I 

iUV -(^H - CH2 

(VIII) 


(’H, 


H/'--C’O 


Ho( 




CHo 


(XLII) 


By the action of chromyl chloride on camphene £tard* ** i)re- 
pared an addition compound of the composition ’ 2 Cr 02 Cl 2 , 

which was a light brown amorphous ])()wder. It was extremely 
hydroscopic and was shown by Bredt and Jagelki* to be decom¬ 
posed by water with the formation of camphenilanaldehyde 
(XXXVIH). 

Brief mention has been made already (p. 284) of the more 
important products which result from the oxidation of camphene 
with potassium permanganate, a reaction which has been 
repeatedly studied since the pioneering investigation of Wagner." 

By oxidation of the liydrocarbon dissolved in benzene with a 
1 per cent, solution of potassium permanganate, Wagner obtained 
cajnphmeglycol (X), m.]). 199*5-200'^. The reactions of this glycol 
have been examined in some detail by Moycho and Zienkowski,^ 
who characterised it by the preparation of a monobenzoate 
(XLIII), m.p. 88"", from w^hich by the action of phosphorus 
])entachloride they prey)ared the enol-benzoate (XLIV), m.]). 
85-86°. When the latter was hydrolysed it gave camphenilan- 
aldehyde (XXXVIII), which had been prepared previously by 
Milobendzki*^ from camphene glycol by the action of dilute acids. 

If camphene glycol be further oxidised wdth potassium per¬ 
manganate it yields carnphenylic acid (XI), m.p. 170-172°, and 
camphenilone (XII), but no camphenic acid. 

* Berlin, Davankov and Kalliopin, J. Appl. Chem. Russ. 1945,18, 217. 

t Ber. 1928, 61, 469. » Compt. rend. 1893,116, 434. 

» Annalen, 1900, 310, 119. " Ber. 1890, 23, 2309. 

5 Annalen, 1906, 340, 17. 

** J. Buss. Phys. Chem, Soc. 1899, 31, 679. 
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I 

C«a 

HjjC-ill-r(OH). CHaOH 

(X) 

CH 3 

HaC-CH- C( 


^rCHOH 


H.C-CH-C, 


HaC-CH-CJ(OH). CHg. 0. CO. C 3 H 3 

I (XIJII) 

PCI 5 1 

/CH 3 

HaC-CH-C< 

I ^CHa 

CHa 

HaC-CH-(^: CH. 0. CO. CeH^ 

(XLIV) 


llj^C-^CH-CH.CHO 

(XXXVIII) 

Camphenylic acid, which has been pre])ared also by the action 
of sodium carbonate on hromocam'phmilanic acid (XLV),*^ has the 
usual properties of an a-hydroxy acid. It yields a sparingly 
soluble sodium salt and on further oxidation, with either lead 
peroxide or an acid solution of potassium permanganate, gives 
camphenilone. This ketone, together with tricyclenic acid (X LVI), 
is obtained also when the hydroxy acid is treated witli concen¬ 
trated sulphuric acid. 


HoC-CH 


JH-c/ 

I \cf 


H,C-CH- 


i -► 1 ) /uri - 

i-C< H^C-^CH-C\ 

\CO 2 H \cO 2 H 

Uj\) H3SO4 1 (XI) 

/CH3 

HjjC-CH—C< 

k p 

HC-1-C.COnH 


H3C-CH- 

k r™- 

HoC-CH-CO 


CH 

(XLVI) 

♦ Bredt and Jagelki, AnnaUnf 1900, 810, 131. 
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H,C-CH- 

I 

CH, CO,H 
■i3H.C0,H 
(XIII) 


H,( 



/CH, 

H,C-CH- (y 

i 

(JH, CO.H 


(XLIX) 


_|/OH 

^CO,l 

(XU’III) 


/CH, 

H,C-CH- C/ 

I i 

CH CO,H 
.COgH 

m 


When camphene is oxidised with potassium permanganate in 
alkaline solution, in addition to the products already mentioned, 
the dibasic acid, camphenic acidy is obtained. This acid, for which 
the following constants have been recorded by Aschan,* cis-d- and 
«-acids, m.p. 143-5~144-5°, [a]^ ± 18°, m.p. 135-5~136-5°, 

trans-y m.p. 122-123°, has been shown by this author^ to be 
represented by formula (XIII), as had been suggested originally 
by Wagner. By the action of bromine on the acid chloride a 
bromocamphenic acid (XLVII), m.p. 189-190°, was obtained, 
indicating that there was only one hydrogen atom in the a- 
position to the carboxyl groups. This acid gave on digestion with 
sodium carbonate solution hydroxycamphenic acid (XLVIII), 
m.p. 152°, and dehydrocamphenic acidy m.p. 165°, which from its 
method of preparation, assuming camphenic acid to have formula 
(XIII), must be represented by either (XLIX) or (L). For reasons 
which have already been given on p. 125 there can be no doubt 
that it has formula (XLIX). 

Lipp,* by an ingenious synthesis shown schematically on p. 300, 
has proved conclusively the correctness of Wagner’s formula for 
camphenic acid. 

As has been mentioned already, the formation of camphenic 
acid in the oxidation of camphene is the result’of an abnormal 
reaction. There can be no doubt that it is a secondary product 
formed by the action of alkali on camphenylic acid. Indirect 
evidence in support of this has been given by Langlois (p. 289) 

Annaleuy 1911, 883, 52. t ibid, 1910, 875, 336. 

♦ Ber. 1914, 47, 871. 
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Zn 
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yu 
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H,C-CH. C(CH,),. CO,H 
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; -iH.COaH 
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HjC-C. C(CHs),. CO.Oj HC^--C. C(CH,)j. COjH 

in. 


H.C 


in, 

I - I I " 

-CH.CO.C.U, H,C-CH.CO.H 


and Hintikka (p. 288), whilst Aschan*^ has shown that when the 
hydroxy acid is fused with alkali camphenic acid is obtained. 

Camphcnic acid undergoes a number of interesting reactions. 
Keference is made on p. 368 to its conversion into camphenilone 
by the distillation of its lead salt. When the acid is heated with 
acetic anhydride, ring closure occurs with the formation of cam- 
phenonic acid (LI), d- and m.p. 70°, dl-y m.p. 134°, which, 
although it is a j8-ketonic acid, does not decompose on heating 
and in this respect resembles ketopinic acid (p. 301). When heated 
with sodium ethoxide at 180° it is reconverted into camphenic 
acid.^ 


Fi.c-CH 


^CHa 


H,0- 






COgH 


(XIII) 



The oxidation of camphene with nitrogen peroxide gives cam¬ 
phenilone,* but nitric acid acts upon camphene both as a sub¬ 
stituting and oxidising agent. It will be more convenient to 
consider here only the latter reaction, the former being discussed 
on p. 310. The oxidation of camphene with nitric acid was studied 

* Ber, 1914,47, 1121. 

+ Aschan, Anncden, 1915, 410, 240; compare Ckem. Zentr. 1935, n, 1556. 

♦ Dulou, BvU, Inst, Pin, 1934, 54, 135. 
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by Riban’*' and by Aiinstrong and Tilden/ but the first detailed 
investigation was due to Marsh and Gardner.* They showed the 
main products of the reaction to be carboxyapocamphoric acid 
(LII), m.p. 199-200°, and apocamphoric acid (Lill), cis-, m.j). 
203’5-204‘5°, anhydride, m.p. 178-179°, trans-, m.p. 189-190°. 


H^C-CH.COall 



CHa 

COaH 



COgH 

(LII) (LlTl) 

The constitution of apocamphoric acid has been xiroved by its 
synthesis, for which we are indebted to Komppa.^ 


COAH5 

H20.00AH5 

00 


j 

( H3C.C.CH3 — 

—> 

COAHb 

Hi’.COAH^ 

00- 


I- 

HaC.C.OHj 
-in. CO ah. 


HaC-Oil .COall 110110-OlLOOgU 

H3oi\OH3 - HaC.i.CHs 

HaO-(!;H .OOaH HOHO-.OOgH 

{UU) 


Carboxyapocamphoric acid loses carbon dioxide when it is 
heated above its melting-point and the third carboxyl group 
must therefore be attached to the same carbon atom as one of the 
other carboxyl groups. This only permits of it having formula 
(LII). It is obvious that in the course of the oxidation of cam- 
phene to apocamphoric acid a Wagner rearrangement must occur, 
and the mechanism of the reaction has formed the subject of con¬ 
siderable controversy. The position has, however, been clarified 
by the investigations of Komppa and his collaborators." They 
found that, in addition to carboxyapocamphoric and apocam¬ 
phoric acids, the ketonic acid, ketopinic acid (LVI), m.p. 234°, 
was also formed in the oxidation. This acid was first obtained by 
Armstrong, Gilles and Renwicy by the oxidation of bornyl 


* Ber, 1878,11, 391. + Ibid, 1879,12, 1756. ♦ J.G,S. 1891, 69, 648. 

* Ber, 1901, 84, 2472; Anncdm, 1909, 368, 126. 

Ber. 1908, 41, 2747; 1911, 44, 863, 1536; Annalen, 1909, 866, 71. 

5 J,C.S, 1896, 69, 1401; Gilles and Renwiok, Proc, C,8, 1897, 64, 158. 
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chloride with nitric acid. On fusion with potassium hydroxide 
or by heating with sodium oxide, it yields pinophanic acid (LV), 
m.p. 203°, the constitution of which is proved by its synthesis 
from apocarnphoric anhydride (LIV) by the reactions outlined 
below 


H3C.C.CH3 o —► 

I I / 

HgC- VM -CO Hj 


_CH-CHjs HgC-CH.CHa.CN 

I \ KCN I 

:!.c.ch3 o —► H3C.C.CH3 

-in —bo in.cOaU 


HjsC-CH-CHg HgC-CH. Cllg. CO^K 

i J 

H3C.C.CH3 — H3C.C.CH3 

I salt I 

HaC-C -CO H-C-CH.COoH 


The isolation of ketopinic acid makes it probable that the 
oxidation of camphenc proceeds in accordance with the following 
scheme. All the substances shown, with the exception of the 
hydroxy acid (LVII), have been actually separated. 




Komppa, Ber, 1911, 44, 1536. 
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Camphene does not undergo normal oxidation with selenium 
dioxide, but gives a selenide, C 2 oH 26 Se, m.p. 93-94°, b.p. 220- 
225°/8 mm.^ 

Although camphene contains an ethylenic linkage, it does not 
react at all readily or smoothly with either chlorine or bromine. 
The early investigations of Marsh and Gardner^ and of Semmler* 
on the chlorination of the hydrocarbon left the nature of the 
products formed in a somewhat unsatisfactory position, which 
has, however, been clarified by the more recent investigations of 
Langlois* and of Meerwein and Wortmann." 

By the chlorination of camphene Langlois obtained an oil, b.p. 
95--105°/10 mm., which, when boiled with dimethylanihne, gave 
I)ure o}~chlorocamphene (LVIII), b.p. 95-98°/15 mm., the con¬ 
stitution of which was proved by its oxidation to camphenilone 

/CH, 

CH-CHa HjC-CH-C< }i^C -CH- 

j I II ^Cll3 I 1 \CH, 

HoC.C.CHo HJ5r CH, -► CH, 


H, 


1 


(LIX) 


-CHBr 


H, 


-i 


!H-C:CHC1 




CH« 


-CH-C 50 


(LVIII) 


(XII) 


Tliis chloride does not react with hydi*ogen chloride, but it 
gives on treatment with hydrogen bromide a crystalline chloro- 
bromocamphane, m.p. 87-88°. This substance may have formula 
(LIX), but its constitution has not been definitely proved. It is 
also possible to prepare from o^-chlorocamphene a trichloride, 
C 10 H 15 CI 3 , m.p. 104°, which is probably also a camphane deriva¬ 
tive, but the position of the chlorine atoms has not been deter¬ 
mined. 

Meerwein and Wortmann have described two isomeric chloro- 
camphenes. When oL-dichlorocamphane (LX), prepared by the 
action of phosphorus pentachloride on camphor (see p. 433), is 
treated with potassium acetate in phenol solution it yields 
OL-chlorocamphene (LXI) (p. 306), m.p. 20 °, b.p. 193-197°, which 
on ozonolysis yields Oi-chlorocamplienilone (LXII), b.p. 116- 
118*6°/18 mm., semicarbazone, m.p. 206-207°. 

* Zacharewicz, Chein» Zmtr. 1936, n, 2384. 

+ 1897, 71, 289. 

B Ann. Chim. 1919 [ix], 12,193. 


♦ Her. 1902, 85, 1021. 
li Annahn, 1924, 435, 194. 
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When a-dichlorocampliane is treated in benzene solution with 
stannic chloride, it isomerises to ^-dichlorocamphane (j 8 -camphor 
dichloride), m.p. 178-179°, which, although originally considered 
by Meerwein and Wortmann to be a 2: 6 -dichlorocaniphane, 
is now known to be 2:4-dichlorocamphane (4:-chloroi8obornyl 
chloride) (LXllI)/ When this substance is treated in phenolic 
solution with potassium acetate, it gives p-chlorocamphem 
(LXIV), m.p. 132-133°, b.j). 200 °, which on ozonolysis yields 
^-cAtorooamphenilone (LXV), semicarbazone, m.p. 244-245°; at 
the same time some 4t’Chlorotricyclene (LXVl), m.p. 135-130°, is 
formed. It is clear, therefore, that the a-derivatives carry a 
chlorine atom on m liilst in the j 8 -derivatives the chlorine atom 
is on C 4 . The isomerisation which occurs is evidently of the 
Nametkin type already discussed on p. 162, and according to 
Houben and Pfankuch' is best expressed in the scheme set out 
on }). 305, the pinacolic transformation of 1-chlorocamphene 
hydrochloride (LXVII) into the 4-ehloro isomer (LXVIII) taking 
place under the catalytic influence of the stannic chloride. 

The conversion of 1 -chlorocamphene into 4-chlorocamphene 
may also be brought about through the interconvorsion of the 
hydrobromides. When M-chlorocamphene (LXI), derived from 
rf-(*amphor, is treated with hydr’ogen bromide, it gives a hydro- 
bro7nide, m.p. 140-145°, |a]^° — 11*2° (in ether), which in m-cresol 
solution undergoes isomerisation to give 4:-chloroimbornyl bromide, 
m.p. 156-158°; treatment with pyridine then yields /-4-chloro- 
camphenc (LXIV), m.p. 132-133°, —108°. 

If the chlorine atomin either 1 -or 4-chlorocamphene is replaced 
by hydrogen, camphene is formed, but since the 1 :4-isomerisation 
brings about an inversion of the configuration of the molecule 
(compare p. 291), it would be expected that the products would 
be enantiomorphous. This is indeed the case, the camphene 
obtained showing [a]|y" -h97*5° (from M-chlorocamphene, [a]^) 
-12-9°) and —105° (from it-4-chlorocamphene, [a]^) —108°), 
which confirms in a remarkable manner the reality of 
the Nametkin isomerisation. The extension of these reactions 
to the conversion of d- into Z-camphor is considered on 
p. 522. 

^ Houben and Pfankuch, AnriaUn, 1931, 489, 204. 

t Annalen, 1933, 501, 219. 
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The bromination of camphene i)roceeds more smoothly than 
the chlorination, but the products have not been fully investi¬ 
gated. cu-Bromocamphene (XXII), which is an oil, was first 
described by Wallach,* who prepared it by the bromination of 
camphene in alcohol-ether solution, the bromination according 
to Reychler^ proceeding more smoothly in light petroleum. 
co-Bromocamphene is, however, not the sole product of the 
bromination, a not inconsiderable quantity of a dibromide being 
formed simultaneously. This dibromide, m.p. 90-91°, [a]|?* — 71° 
* Annalen, 1885, 230, 235. t Ber, 1896, 29, 900. 
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(when prepared from d-camphene),* is also obtained when cam- 
phene hydrochloride f is brominated.* The constitution of this 
dibromide has not been determined, but it must be a derivative 
of camx)hane (LXIX) and not of i^ocamphane, since Seramler® 
has found that, on reduction with sodium and alcohol, it gives 
the former hydrocarbon. For the dibromide Semmler tentatively 
suggested formula (LXX), whilst Langlois" preferred (LXXI), 
which is probably correct. There would appear to be little doubt 
that the dibromide is not a direct product of the action of bromine 
on camphene, but is formed, as was first suggested by Marsh,^ 
by the action of hydrogen bromide on a>-bromocamphene.’^’^ The 
crystalline dibromide can be conveniently used for the ])repara- 
tion of co-bromocamphene (XXII), since when digested with 
diethylaniline or quinoline it is converted into the latter, b.p. 
115-120715 mm., [a] 2 ) 4-68*85''. The constitution of this bromide 
is proved by its conversion into camphene on reduction with 
sodium and alcohoP^ and by its oxidation with oxides of nitrogen 
to camphenilone (XII).** 




* Pariselle, CompL rend. 1925,180, 1832. 

+ The camphene hydrochloride used by these authors was undoubtedly a mixture 
of bomyl chloride, wobomyl chloride and camphene hydrochloride. 

* Junger and Images, Ber. 1896, 29, 544; Godlewski, ibid. 1899, 82, 2303. 

» Ber. 1900, 88, 3426. 

« Ann. Ghim. 1919 [ix], 12, 193. 

5 Proc. CM. 1899, p. 64. 

** For another view of the mechanism of the formation of the dibromide see 
Lipp, J, pr. Chem. 1922 [ii], 106, 60. 

+t Semmler, Ber. 1900, 88, 3425. 

Langlois, loc. ctt. 
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Langlois ^ investigated in some detail the reactions of a>-bromo- 
camphene. When treated with hydrogen bromide it yields the 
dibromocamphane mentioned above, which on further bromina- 
tion gives a tribromide, m.p. 77-78°, a substance first described 
by Semmler.^ The position of the bromine atoms has not been 
determined. co-Bromocamphene reacts readily with carbon di¬ 
oxide in the presence of magnesium to give camphene-co-carboxylic 
acid (LXXII), m.p, 124-125°, some hydrocarbon being produced 
simultaneously by the Wurtz reaction. 



(LXXII) 


Results of very great interest and importance have accrued 
from a study of the action of the halogen acids, more especially 
hydrochloric acid, on camphene. It was observed originally by 
Berthelot* that camf)hene gave on treatment with hydrogen 
chloride a crystalline derivative, from which camphene could be 
regenerated by the action of alkali. This chloride, m.p. about 
150°, was subsequently prepared by Riban* and by numerous 
other investigators,“ who showed it to be identical with i,5obornyl 
chloride (LXXIII), its formation involving a Wagner rearrange¬ 
ment. A clear insight into the course of this reaction has resulted 
from the investigations of Aschan,^ supplemented by those of 
Meerwein and Emster.*’^ Aschan foui^d that when camphene was 
treated in methyl alcoholic or ethereal solution with hydrogen 
chloride the resulting product could be separated into two 
fractions, the first of which had m.p. about 150° and the second 
m.p. 125-127°, both of them being optically active in the opposite 
sense to the hydrocarbon from which they had been prepared 

Compare also Lipp, J, pr. Chem. 1922 [ii], 105, 50; Lapp, Gotzen and Keinartz, 
Avvalen, 1927, 463, 1. 

+ Ber. 1902, 36, 1020. 

* Anmden, 1859, 110, 367. 

S Ann, CUm. 1875 [v], 6, 363, 372. 

>1 Inter al,, Kachler, Ber, 1878, 11, 460; Anruden, 1879, 197, 94; Spitzer, ibid. 
129; 1880, 200, 344; Jtinger and Klages, Ber, 1896, 29, 544; Reychler, ibid, p. 697. 

1 Anndlen, 1911, 383, 7. 

Ber. 1920, 63, 1816; 1922, 66, 2600. 
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and into which they could be reconverted by the action of alkali. 
According to Mcerwoin and Emster the higher melting of these 
hydrochlorides is somewhat impure isohomyl chloride (LXXIll), 
whilst the lower melting is the true camphene hydrochloride 
(LXXIV),^ which should exist in two stereoisomeric modifica¬ 
tions (LXXrV) and (LXXIVa). 



Camphene hydrochloride, which is extremely unstable, can 
also be prepared by the action of hydrogen chloride on tricyclene 
(LXXV). When kept at the ordinary temperature for some time 
camphene hydrochloride slowly isomerises, the reaction being 
catalysed by traces of acids, and passes into i^obornyl chloride. 
.This change, however, is incomplete, since the reaction is 
reversible.^ The chlorides can be readily distinguished and the 
percentage composition of a mixture be determined, since in 
solution camphene hydrochloride titrates like free hydrochloric 
acid. When shaken with water it passes smoothly into camphene 
hydrate (XXVI), which is also obtained when i^obornyl chloride 
is treated with milk of lime at 60 - 60 °. Camphene hydrochloride 
on treatment with this reagent yields mainly camphene, very 
little of the hydrate being formed. 

These conolusions have been questioned by Aschan, Naphtenverhindungen, 
Terpene und Campherarten^ 1929, pp, 177-183, but Meerwein and Emster would 
appear to be correct in their deduction, 
t The transformation is discussed more fully on p. 347. 
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Semmler’*' attempted to prepare camphene hydrobromide by 
tlie action of hydrogen bromide on camphene, but obtained only 
'/^obornyl bromide. More recently Meerwein, Hammel, Serini and 
Vorster ^ have found that, if hydrogen bromide is allowed to react 
with camphene in hght petroleum solution, camphene hydro¬ 
bromide is obtained together with some i^obornyl bromide. The 
hydrobromide has not been prepared in a pure state and is even 
more unstable than the hydrochloride, passing rapidly in the 
presence of traces of acids or moisture into i^obornyl bromide. 

Camphene hydriodide has not been described, Kondakov and 
Lutschinin* having found that i^obornyl iodide is formed by the 
action of hydrogen iodide on the hydrocarbon. 

The action of hypochlorous acid on camphene, first studied by 
Slawinski,*^ has been shown by Henderson, Heilbron and Howie' 
to yield a chlorohydrin , CioH^(j(OH)Cl, m.p. 93^", which they regard 
as a chloro/^foborneol, since, on reduction with zinc dust in 
alcoholic solution, it yields i^oboimeol. The constitution of this 
substance cannot, however, be considered to be established. 
On treatment with alkali it yields / 60 camphenilanaldehyde 
(XXXVIII), whilst on oxidation with chromic* acid it gives a 
chloroketone, m.p. 132'', oxhne, m.p. 142-143'', semicarbazone, 
m.p. 220-221°. This ketone, which gives cam])hor on reduction, 
is identical with that prepared in a similar manner from boniylene 
chlorohydrin (p. 330) which is considered to be a chloroborneol, 
since it gives on reduction borneol. Henderson and his col¬ 
laborators ap])arcntly regarded camphene chlorohydrin and 
bornylene chlorohydrin as stereoisomerides having the formula 
(LXXVI), and, if this be the case, then the chloroketones should 
be identical with cither a- or a'-chlorocamphor (LXXVII). The 
properties of the ketone differ, however, completely from those 
of the two a-chlorocamphors and agree more closely with those 
of w-chlorocamphor (LXXIX), which according to Forster'’ melts 
at 132-5°, oxime, m.p. 134°.'^^ If this identity should in the future 
be confirmed, then camphene chlorohydrin is probably a true 

* Ber, 1900, 83. 3428. t Annalen, 1927, 463, 16. 

♦ Chem.-Ztg. 1901, 25, 132. * Bull, Acad, Sci, Cracow, 1905, p. 491. 

II J,C,S. 1914,106, 1367. 5 J,C\S, 1902, 81, 272. 

The diflFcrenco in the melting-points of the oximes may be due to that prepared 
from camphene hydrochloride being optically inactive. Henderson and his col¬ 
laborators do not state if their preparations were optically active. 
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camphene derivative having formula (LXXX), a constitution 
which would also acQOunt readily for its conversion into wo- 
camphenilanaldehyde and i^oborneol. It would be a structural 
isomeride and not a stereoisomeride of chlorohydrin (LXXVI) 
prepared from bomylene. This structure for camphene chloro¬ 
hydrin’*' has been suggested by Detoeuf,^ who prepared it by the 
action of monochlorocarbamide on the hydrocarbon. The alter¬ 
native formula (LXXVIII) would appear to be extremely 
improbable, since a substance having this structure should 
resemble camphene hydrochloride in its properties. 


CHj CH, 
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/CH, 
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It was observed by Bouveault* that when camphene was 
treated with fuming nitric acid in chloroform solution two cam¬ 
phene nitrates were formed. One of these was unstable and 
decomposed on distillation in steam with regeneration of cam¬ 
phene, but the second volatilised without change and had the 
composition CioHje > HNO 3 , and b.p. 110°/10 mm. It was decom¬ 
posed by alkali with the formation of camphene. It is possible 

* A chlorohydrin possessing this constitution should be capable of existing in 
two stereoisomeric modifications. 

+ BvU, 80 c. chim. 1922 [x], 81,179. 

* im. 1900 [iii], 28, 637. 
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that these two nitrates are stereoisomeric camphene nitrates 
corresponding in constitution to camphene hydrochloride, but 
this has not been proved. By the action of nitrogen pentoxide 
on the hydrocarbon in chloroform solution, Demjanov prepared 
a nitro-dcid^ C 10 H 15 O 5 N 3 , m.p. 140-141°, which doubtless has 
formula (LXXXl), since, on treatment with alkali or on reduction 
with zinc and hydrochloric acid, tricyclenic acid (XLVI) is 



(LXXXl) (XLVl) 

During their investigation of the oxidation of camphene with 
dilute nitric acid, Marsh and Gardner^ observed the formation of 
nitrocamphenes. These derivatives, which have been studied in 
greater detail by Jagelki^ and by Lipp,® can be prepared more 
conveniently by the action of oxides of nitrogen on camphene." 
By the action of this reagent Jagelki prepared three substances, 
(i) camjphemlic nitrite, (ii) camphene nitrosite, and (iii) camphene 
nitronitrosite, 

Camphenilic nitrite, the dMorm of which melts at 64° and the 
active forms at 84-85°, [a]^) + 153*4, — 146*4° (in benzene solu¬ 
tion), has been shown by Lipj) to be co-nitrocamphene (LXXXII), 
camphene behaving hke jS-pinene on nitration. According to 
Lipp, the nitration of camphene with oxides of nitrogen proceeds 
in accordance with the following scheme: 



* J. Miiee, Phys, Chern, Soc, 1901, 38, 284. 

+ J.C,S, 1891, 69, 648; 1896, 69, 74. ♦ Ber. 1899, 82, 1498. 

s AnnaUn, 1911, 382, 296; 1913, 399, 241; 1914, 402, 343. 
l< Blaise and Blanc, Compt, rend, 1899, 129, 886; BuU, Soc, chim, 1900 [iii], 23, 
164; Komppa and Hintikka, AnncUen, 1912, 387, 294. 
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The constitution of w-nitrocainiihenc was proved by its con¬ 
version (i) into camphenilone (XII) and potassium nitroacetate 
by the action of potassium hydroxide, (ii) into this ketone and 
nitromethane by the action of alcoholic ammonia, and (iii) by its 
reduction with aluminium amalgam to campJienilanaldoxime 
(LXXXIII). More recent investigations’^ have shown that on 
reduction with zinc and acetic acid it gives camphenilanaldehyde 
and tricyclal,^ whilst with sodium and alcohol the main ])roduct 
is oj-a7ninoi^ocam})hane (LXXXIV). On treatment with sodium 
cyanide in alcohol, nitroimcmnphanyl cyanide (LXXXV), m.p. 
165 166^, [a]|f° + 25° (in alcohol) is obtained. a>-Nitrocam])hene 
is the most convenient source of cam})henilone. 
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Camphene nitrosite, m.p. 158-5°, can be purified 

through its s])aringly soluble garnet-coloured potassium salt, 
m.p. 207-209°. It has been shown by Lipp to be wo)’dinitro-2- 
hydroxycamphane (LXXXVI), since on oxidation with potassium 
permanganate it yields ketopinic acid (LVI), whilst on reduction 
with aluminium amalgam it gives the oxime (LXXXVII). 

The exact mechanism involved in the formation of this dinitro- 
camphane derivative from camphene has not been determined, 
since it is not formed by the action of nitric acid on w-nitro- 


* Lipp, Dessauer and Wolf, Annalen, 1936, 525, 271; Lipp and Braucker, J5er. 
1939,72,2079; Lipp, Brancker and Sauer, ibid, 1940,73,1146; Lipp and Mettegang, 
tMd. 1943, 76, 1276. 

t 2-AeeU)xyapocamphaneald^yde is also formed in this reaction, its constitution 
being proved by conversion into ketopinic acid (LVI). 
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cam])hene. It is of interest, however, since it must be the parent 
substance of ketopinic acid, which is always obtained wlien 
camphene is treated with nitric acid. 


ILC-on—CHg 


HoC 


HgC.i.OHa 


A1 h Ilg 


CHOJl 


CHs 


KMn()4 


il,C-Cii—CHa 
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(LXXXVH) 
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The constitution of cainf)hcne nitronitrosite, C 10 H 15 O 5 N 3 , has 
not been determined. It is a white powder decomposing at 149 ' 
and dissolving in nitrobenzene to give a blue solution. 

In addition to co-nitrocamphene two other nitrocamphenes 
have been described. In 1901 Forster^ prepared a nitrocmnphme, 
m.p. 56'', [aj/) -f 112 " (in alcohol), by the action of silver nitrate 
on 2-bro7no-2-nitrocamphane (LXXXVlll), which is formed when 
d’-cmriphoroximt (LXXXIX) is treated with potassium hypo- 
broniite.^ From its method of preparation and assuming that it 
is a nitrocamphene, although direct proof of this is lacking, 
Forster’s nitrocamphene can have either structure (XC) or (XCJ). 
Of these, (XCI) was suggested by Li])})* and the fact that it is 
not identical with the a-nitrocamphene described below, to which 
this constitution must be assigned, was thought to be due to 
stereoisomerism. J^ater, however, Lipp and Lausberg* rejected 
this formula in favour of (XC), i.e. \-niir 0 ca 7 nphtm, which has 
also been accepted by Asahina and Yamaguti." The substance 
can be readily reduced with zinc dust in acetic acid solution to 
yield the corresponding \-aminocamphent, m.p. 46", b.p. 191- 
192"/758 mm., [a]jy 4- 59*7" (in alcohol), from which by the action 
of mtrous acid a hydroxycamphene, m.p. 74", is obtained. This 
alcohol on warming with dilute mineral acids is converted into 
camphor. It is of interest to note that this ketone is also obtained 
when 1 -aminocampliene is warmed with acetic anhydride. When 
1 -nitrocamphene is treated with sulphuric acid in acetic acid 


J.VM. 1901, 79, 646. 
t Forster, J.C.8. 1899, 76, 1144. 
« Ibid. 1924, 438, 279. 


* Annalen, 1913, S99, 241. 
II Ber. 1938, 71, 318. 
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solution, 4t-nitrommjphen€hydrato-TT-8ulphol^^ (XCII), m.p. 
133-134°, is obtained, the reaction being accompanied by a 
rearrangement similar to that observed with camphene itself 
(p. 316). 


CiCHo 



(XCII) (XCI) 

oi-Nitrocamphene (6-nitrocampJiene)y which must undoubtedly 
have formula (XCI), was prepared by Nametkin and Zabrodina^ 
by the action of dilute nitric acid on tricyclene (LXXV). It is an 
oil, b.p. 119°/14mm., df?" 1*0689, 1*4942, and gives on 

reduction with zinc dust oL-aminocamphene (XCIII), b.p. 197- 
198°/750 mm. From this base, after conversion into the quater¬ 
nary ammonium derivative (XCIV), Nametkin and Zabrodina^ 
prepared the hydrocarbon isocamphodiene or camphinene (XCV), 
m.p. 41*5-42°, b.p. 149-150°/763 mm., which yields on hyi*ation 
an alcohol, bornylenol, m.p. 60-61°, b.p. 103-104°/10 mm., for 
which formula (XCVI) was suggested. More recently, however,* 
they have found that bornylenol is oxidised to a ketone, tri- 
cyclenone, m.p. 111-112°, the semicarbazone of which, m.p, 214- 
215°, is reduced by sodium ethoxide to tricyclene. It is possible, 
therefore, that bornylenol is actually a tricyclenol. It would thus. 

Annalen, 1925, 441, 181. 
t Ber. 1928, 61, 1491. 

* Compt, rmd, Acad, Sci, U,R,8,8, 1942, 36, 142. 
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be isomeric with ordinary tricyclol (p. 335). The same authors* 
have shown that the liquid a-nitrocamphene, on treatment with 
concentrated sodium hydroxide solution, is converted into the 
aa-form, oL’i&onitrosocamphene (XCIa), m.p. 60-62'^, which on 
treatment with aqueous methyl alcohol reverts to the nitro-form 
and yields the stereoisomeric a-nitrocamphene, m.p. 114-115°. 

By the action of stannous chloride on a-nitrocamphene, 
Nametkin and Zabrodina^ have prepared the ketone (XCVII), 
m.p. 77-78°, aemicarbazone, m.p. 205°, oxime, m.p. 117-118°, 
which they designate a-camphenone^ 
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Much attention has been devoted to the study of the conditions 
governing the hydration of camphene. Assuming the reaction to 
proceed normally and without any molecular rearrangement, the 
tertiary alcohol, camphene hydrate (XXVI), should be formed. 
Whilst under suitable conditions this can actually be obtained 
as the main product of the reaction, under the conditions usually 


Bvll. Acad, Sci. U.H.S,S, 1937, p. 1015. + Ber, 1926, 69, 368. 

* This name was applied originally to the ketone prepared by Angeli {OozzeUa, 
1893, 28, n, 351; 1894, 24, ii, 44, 317) from diazocamphor. This is now known 
(see p. 416) to be a tricyclic ketone (Bredt and Holz, J,pr, Chem, 1917 [ii], 95,133), 
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adopted for the hydration of hydrocarbons the secondary alcohol, 
imborneol (VIII), is obtained. It was shown originally by Bertram 
and Walbaum*^ that when camphene was treated with a mixture 
of sulphuric and acetic acids i^obornyl acetate was obtained, 
Kachler and Spitzer^ having previously prepared the corre¬ 
sponding alcohol by heating camphene with dilute sulphuric acid. 



Cil, 


HaO-C-CHOH 

I 

. 0 . 

llgC-CH CHa 

(Vlll) 


and Wallach* by the action of concentrated sulphuric acid. Many 
organic acids have been used as catalytic agents in carrying out 
this hydration, the corresponding i^obornyl esters being obtained, 
and, owing to its technical importance, the conditions governing 
the conversion have been very thoroughly investigated; many 
references to the subject will be found in the i)atent literature. 
If the reaction is carried out in alcoholic solution, then i^obornyl 
ethers are formed, as was first observed by Semmler.® Whilst 
isoborneol is always the main product of the hydration of cam¬ 
phene, Aschan" showed that the stereoisomeric alcohol, borneol, 
was always formed simultaneously, the quantity varying with 
the conditions employed. When camphene is treated with sulphur 
trioxide in acetic acid solution, the main product, i^obornyl 
acetate, is accompanied by a crystalline lactone, m.p. 133'^, which 
Lipp and HolH formulated as (XCVIII). Although they failed 
to oxidise it to camphor a>-sulphonic acid (XCIX) they observed 
that the lactone was formed by reduction of this sulphonic acid 
with sodium and alcohol to the hydroxy-acid (C) followed by 
dehydration, which appeared to confirm the postulated structure. 
More recently, however, Asahina, Sano and Mayekawa** have 
found that the lactone is formed in better yield from the hydroxy 
acid (Cl) derived by reduction of camphor-7r-sulphonic acid 


* J. pr. Chem. 1894 [ii], 49, 8. 
t Annahn, 1880, 200, 354. 

• Ber. 1900, 33, 3430. 

1 Ibid. 1929, 02, 499. 


* Ibid. 1886, 230, 236. 
II Ibid. 1907, 40, 4923. 
** Ibid. 1938, 71, 312. 
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(CII), and they conclude that it is more correctly represented as 
cainphenehydrato-TT-sulph^lactone (CIII), formed jfrom either sul- 
phonic acid by rearrangement. 

so. 
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All alcohol having the structure of cam phene hydrate (XXVI) 
was first prepared by Moycho and Zienkowski’^ by the action of 
methyl magnesium iodide on camphenilone (XII). Methylcant' 
joAemtoimelted at 111 -IIS° Sbudgave 8iphenylurethane:,m.p. 126^^. 
From its method of preparation there was no doubt as to the 
constitution of this alcohol; on dehydration it could be converted 
readily into camphene, whilst when warmed with the Bertram- 
Walbaum hydrating mixture isohornyl acetate was obtained. In 
1908 Aschan^ made the important observation that when cam¬ 
phene hydrochloride, or preferably bornyl chloride, was treated 
with milk of lime at 50-60^, or with dilute potassium hydroxide 
(4-6 per cent.), an alcohol was obtained which was undoubtedly 
camphene hydrate. This alcohol melted at 160-151°, b.p. 206- 
207»6°, phenylurethane, in.]). 89°, and when prepared from an 
optically active hydrocarbon was optically active (from d- 
camphene, [a]^) +12*85°, camphene hydrate, [a]jj -2*89°; from 
d-a-pinene, [ajj^ +38*4°, camphene hydrate, -21*79°). Cam¬ 

phene hydrate gives a p-nitrobenzoate, m.p. 96°, [ajp - 32*6° (in 

AnnaUn, 1906, 340, 68. t B&r, 1908, 41, 1092. 
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benzene), a ^-benzamidobenzoate, m.p. 129°, [a]x> —12*8° (in 
benzene), and a 3 :5-dinitrobenzoate, m.p. 112°, [a]j> —24*9° (in 
alcohol), whilst methylcamphenilol gives a j>-nitrobenzoate, m.p. 
134-135°, [a]^, -h40*3° (in benzene) (rfZ-form, m.p. 153°).* 
A prolonged study of the reactions of camphene hydrate and 
methylcamphenilol by Aschan^ has shown conclusively that they 
are related to one another in the same manner as bomeol and 
i^oborneol and are in fact cis-Zmns-isomerides having the formulae 
(XXVIa) and (XXVIb). 



(XXVIa) (XXVIb) 

If this be the case, then it would be anticipated that some 
camphene hydrate would be obtained by the action of methyl 
magnesium iodide on camphenilone. Although it has not proved 
possible to isolate pure camphene hydrate from this reaction, 
Aschan has obtained indirect evidence of its presence. Like 
borneol and i^obomeol, camphene hydrate and methylcam- 
phenilol show certain marked differences in their properties. If 
camphene hydrate be mixed with acetic acid, loss of water occurs 
immediately with the formation of camphene. The dehydration 
of methylcamphenilol is, however, much less rapid, but if crude 
methylcamphenilol, which has not been recrystallised, is mixed 
with acetic acid, owing to the presence of camphene hydrate the 
immediate formation of camphene can be observed. With the 
Bertram-Walbaum reagent both alcohols are converted into 
wobornyl acetate, and by the action of hydrogen chloride they 
both yield camphene hydrochloride. 

Htiokel, Doll, Eskola, Weidner, Neumann and Schneider, Annalen, 1941, 549, 

186. 

t Annahn, 1911, 388, 65; 1915, 410, 222. 
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Whilst these experiments indicate that camphene hydrate is 
an intermediate product in the hydration of camphene to iso- 
borneol (and borneol), more direct proof of this has been obtained 
by Aschan,"^ who made the important observation that when 
camphene was hydrated in ethereal solution with “ diethyl- 
oxonium sulphate”/ camphene hydrate containing only a small 
quantity of i»soborneol was obtained. It is of interest to note 
that with “di-i^oamyloxonium snljihate” the product is mainly 
i^oborneoL* 

Meerwein and his collaborators* attempted to provide a 
theoretical explanation of the conversion of camphene hydrate 
into i^oborneol and borneol, which owed its inception to their 
related work on the tautomerism of camphene hydrochloride, 
bornyl chloride and i^obornyl chloride. They concluded that 
camphene hydrate, borneol and i^oborneol can be regarded as 
true tautomerides. It has already been mentioned (p. 308) that 
camphene hydrochloride is unstable and can be titrated in solu¬ 
tion like free hydrochloric acid. If the hydrochloride be dissolved 
in methyl alcohol the percentage of hydrogen chloride falls 
gradually to a minimum and then once again rises to 100 per cent. 
An explanation of this somewhat remarkable observation is 
found in the occurrence of a series of reactions best illustrated by 
the scheme: 

Camphene hydrochloride —► camphone methyl ether —. iaobornyl chloride 
(A) (B) (C) 

—► iaobornyl methyl ether 
(D) 

The change from (A) to (B) will occur with the liberation of 
hydrogen chloride, (B) to (C) with absorption of hydrogen 
chloride, whilst, in the final stage (C) to (D), hydrogen chloride 
will once more be liberated and be directly titratable. The cor¬ 
rectness of this view of the mechanism of the reaction was proved 
by carrying out the first stage in the presence of potassium 
carbonate, when camphene methyl ether was obtained identical 
with that prepared by the interaction of the potassium derivative 
of camphene hydrate with methyliodide. This ether, m.p. 12-14®, 

^ Medd, K, Vetmskaps-akad, Nobddmt. 1919, 6, no. 8, p. 19. 

+ This reagent is prepared by the interaction of monohydrate and ether. 

^ Schwalbe and Aschan, Finsk, Kern. Medd, 1932, 40, 133; 41, 98. 

< Meerwein and Gerard, AnnaUnf 1923, 435,174; Meerwein, Hammel, Serini and 
Vorster, ibid, 1927, 458, 16. 
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b.p. 201*5°, [a]j^-12*71° (from d-camphene, [a]/^+60*75°), 
when mixed with a methyl alcoholic solution of hydrogen chloride, 
passes into ?6*obornyl methyl ether (D), whilst if warmed with 
acetic acid it yields camj)hene.'^ 

Interesting results have been obtained also from a study of the 
hydration products of the esters resulting from the interaction 
of a-pinene and camphene with 2-chlorocymene-5-sulphonic acid 
and trichloroacetic acid. By the action of the former acid on 
a-pinene, botni/l 2‘Chlorocymene-5-sulpho7iatp, m.p. 127-129°, is 
obtained, which passes on hydrolysis with alkali into a mixture 
of i^oborneol, camphene hydrate and camphene. With camphene, 
on the other hand, isobornyl-2-ch1orocym€ne-5’-siilphonate is 
formed together with a little of the bornyl ester, which on 
hydrolysis under similar conditions yields a mixture of isoborneol, 
camphene hydrate and camphene. Both esters behave therefore 
as if they were labile mixtures of all three alcohols. An analogous 
result was obtained when trichloroacetic acid was used. It was 
found, furthermore, that the tendency for the esters of camphene 
hydrate to pass into those of borneol and isohorneol was directly 
dependent upon the dielectric constant of the solvent in which the 
reaction was carried out, the velocity of the change increasing 
with the increase in this constant. This is in accord with the view 
that these intramolecular changes are ionic. 

Camphene has been used in a number of synthetical investiga¬ 
tions and reference may finally be made to some of these. When 
the hydrocarbon was heated with trioxymethylene in the presence 
of acetic acid it was found by Langlois^ to give the alcohol (CIV), 
b.p. 125-12678 mm., 0*987, [a]^ +45°, hydrogen phthalate, 
m.p. 124-125°. The constitution of this alcohol was proved by its 
oxidation with potassium permanganate to camphenilone (XII). 
By oxidation with chromic acid, it yields camphene-w-carboxylic 
acid (LXXII), m.p. 124-125°, which readily loses carbon dioxide 
to give camphene. Of particular interest, however, is the ob¬ 
servation of Langlois,* that the acid, when treated with hydrogen 
chloride, gave a stable chhro-acid (CV), m.p. 156-156°, which 

♦ Camphere condenses with phenols at 0° to give isobornyl ethers, which at 
higher temperatures rearrange to form nuclearly substituted phenols (Kitchen, 
J. Amer, C.S. 1948, 70, 3608). 

t Ann. Chim. 1919 [ix], 12, 193. 

♦ BvU. Soc. chim. 1927 [iv], 41, 386. 
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showed no tendency to undergo the Wagner rearrangement. This 
is due to the j)resence of the carboxyl group in the side chain, 
since in the case of the camphene-1-carboxylic acid prepared by 
Houben and his collaborators (p. 344) the intramolecular change 
readily occurs. 

Lipj), Kiippers and Holl have found that camphene condenses 
readily with acetyl chloride in the presence of aluminium chloride 
to give o)-acetylcamphene (CVI), b.]). 112*6-114712 mm., 
0*9817, semicarbazone, m.p. 199-200*5°, which can be prepared 
also by the action of acetonitrile on co-bromocamphene (XXII) 
in the presence of magnesium. The constitution of the ketone is 
proved by its oxidation to camphenilone. 
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With benzoyl chloride the reaction proceeds in a different 
manner, co-benzoylhorneol (CVII), m.p. 69-70°, being obtained, 
which gives on oxidation cj-benzoylcamphor (CVIII), m.p. 85-86°. 
Ber. 1927, 60, 1575; Lipp and Quaedvlieg, ibid, 1929, 62, 2311. 
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wBenzoylcamphene (CIX), b.p. 137-138*5®/0*7 mm., can, how¬ 
ever, be prepared by the condensation of a>-bromocamphene 
with benzonitrile in the presence of magnesium, and also by the 
dehydration of w-benzoylborneol.’^ 
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According to Kuwata,^ a solution of camphene in benzene, 
when treated at 20° with an acid-earth catalyst, gives dicamphene, 
CaoHaa, b.p. 318-321°, df 0*9486, nj^ 1*5090 {hydrochloride, m.p. 
59°). 

Camphene reacts with hydrazoic acid, undergoing ring enlarge¬ 
ment, to give a mixture of a- (CX) and /S- (CXI) ^-dehydro- 
camphidines} 
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The unsaturated hydrocarbon, homyhm (II), which has not been 
found to occur in nature, was first obtained in an impure state 
by Spitzer' by the treatment of 2 :2-dicKlorocamphane (I) with 
sodium. 

* Asahina and Sano, Ber. 1940,78, 747. 

t J.S.C.I. Japan, 1933, 86, 256 B. * 6.P. 683666. 

• Annakn, 1879,107, 129. 
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J n 1889, Wagner and Brickner^ and Tschugaev ^ simultaneously 
described its preparation by two entirely different methods. 
During an investigation of the reactions of the bornyl halides the 
former found that, whilst bornyl iodide (III) on treatment with 
potassium phenoxide gave camphene, with a strong alcoholic 
solution of potassium hydroxide no molecular rearrangement 
occurred and bomylene was obtained. Meerwein and Joussen,* 
in the course of their interesting investigations on the tautomeric 
relationship of bornyl chloride, f^obornyl chloride and camx)hene 
hydrochloride, have studied in great detail the effect of the nature 
of the alkali, solvent and temperature on the reaction, and they 
have found that the bornyl halides can be converted by the action 
of potassium amyloxide at 190° into bornylene in a yield of 
93 per cent. 

As is described elsewhere, the dehydration of borneol and iso- 
borneol (IV) leads by molecular rearrangement to camphene (V); 



♦ Ber. 1900, 88, 2121. 

t J. Eu 88, Phys. Chem, 8oc. 1900, 32, 332. ♦ Ber. 1922, 55, 2529. 
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it was found, however, by Tschugaev that if methyl bornyl 
{isohomyiyxanthate (VI) was distilled the decomposition pro¬ 
ceeded normally with the formation of bornylene, the hydro¬ 
carbon having a rotation in the opposite sense to that of the 
alcohol from which it was prepared. 

Bredt and his collaborators* have shown, however, that the 
bornylene prepared by this reaction is not pure, being contami¬ 
nated with tricyclene (VII), from which it cannot be separated 
completely by crystallisation.^ Pure bornylene was first prepared 
by Bredt by the following series of reactions. When d-camphor- 
carboxylic acid (VIII) (p. 451) is reduced electrolytically it yields 
d-borneolcarboxylic acid (IX), which gives on distillation d- 
bornylene-^^carboxylic acid (X), m.p. 112-113®. It was not found 
possible to eliminate carbon dioxide from this acid, but on treat- 

CH3 CH3 CH3 



(XII) 


♦ Bredt and Sandkuhl, Anmlm^ 1909, 866, 1; Bredt and Hilbing, J. pr, Chem. 
1911 [ii], 84, 778; Bredt, ibid, 1931 [xi], 131,137. 

+ Compare Tschugaev and Budrick, Annden, 1912, 388, 280. 
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merit with hydrogen bromide in acetic acid it gave d-2-6romo- 
camphane-^-carboxylic acid (XI).* This reaction was shown to 
proceed without molecular rearrangement by reduction of the 
bromo-acid to d-camphane-S-carboxylic acid (XII). On warming 
the sodium salt of this acid, bomylene is obtained, but the yield 
is poor owing to the simultaneous formation of y-carboxyh- 
camphenehydratolcbctone (XIII), m.p. 183°, a Wagner rearrange¬ 
ment being involved in the formation of the lactone. 

Whilst this method for the ])reparation of bornylene gives a 
very pure product, it is much more laborious than that of 
Tschugaev. It is therefore of interest to note that Henderson 
and Caw^ found that it is possible to prepare the pure hydro- 
carlion by the xanthate process, if the crude hydrocarbon is 
carefully oxidised with hydrogen peroxide. It is somewhat 
remarkable that with this mild oxidising agent the tricyclic hydro¬ 
carbon should undergo preferential oxidation. 

Another method for the preparation of pure bornylene has 
been devised by Ruzicka.* Bornyltrimethylammonium iodide 
(XIV), m.p. 250°,* was converted into the hydroxide (XV), which, 
on distillation, gave a mixture of bornylene and bornyldimeihyU 
amine (XVI), This amine yields on treatment with methyl iodide 
an isomeric trimeihylammonium iodide, m.p. 278-279°, possibly 




H/' —i- 




N(CH,),1 


H, 


CH, 

-i?— 


CH, 




CH, 


H, 


CH, 


H,C.^. 

1;-1:h—I'H, 


-CH.N(CH,),.OH 


(XIV) 



* If rf-bornylene-3-carboxyUc acid is treated with hydrogen bromide in aqueous 
media an isomeric bromo-acid is obtained (see p. 451). It does not give camphane- 
3-carboxylic acid on reduction. 

t J.C\S. 1912,101, 1416. 

♦ Helv. CUm. Acta, 1920, 3, 748. 


« Forster, J.C.8, 1899, 76, 945. 
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i^obornyltrimethylainmonium iodide, related to bomyltrimethyl- 
ammonium iodide in thd same manner as Forster’s*^ bornylamine 
and neoi^obornylamine are related. 

Bredt and Perkin^ have shown that Z-bornylene is obtained 
when methyl Vepibornylxanthate (XVII) is distilled. In this case 
there would appear to be no tendency for the formation of a 
tricyclic hydrocarbon to occur, since the Z-bornylene was readily 
obtained quite pure. 


CH. 


H«C-i——CHj 

H.C.i.CH, — 

; in—CHO.cSj.CH, 


CH. 


(XVII) 


H.C.i.CH, 
H,(L—d’H 

(II) 


-CH 


CH 


The formation of bornylene has been noticed in a number of 
other reactions. Thus Grignard, Bellet and Courtot* found that 
it was formed when cyanogen was allowed to react with the 
product obtained by the action of magnesium on bornyl chloride, 
whilst Aschan * separated a small quantity as a by-product in the 
preparation of bornyl iodide by the action of iodine on bornyl 
chloride in the presence of magnesium. It has also been obtained 
by the action of sodium on 2:3-dichlorocamphane." 

The constitution of bornylene follows from its oxidation to 
camphoric acid (XVIII), the camphoric acid being opposite in 
sign of rotation to that of the bornylene from which it is prepared. 


H, 




CH, 

,C-—CH 

HjC.i.CH, 

,c— -ii 


CH, 

i.CO,H 


KMnO, 


H,C- — \j . \j\J2- 

H,C.([j. 


!H-CH 


H,C- 


.CH, 

-in. 


CO,H 


(II) 


(XVIII) 


Confirmation of the structure assigned to bornylene has been 
supplied by the work of Buchner and Weigand,^ who showed that 
on condensation with ethyl diazoacetate it yields a tricyclic ester 
(XIX), b.p. 135-138722 mm. The acid, m.p. 137°, prepared from 

♦ J.C,8. 1898, 73, 386; 1899, 76, 934; 1900, 77, 1162. + Ibid. 1913,103, 2224. 

♦ Ann. Chim. 1919 [ix], 12, 374. * Ber. 1912, 45, 2396. 

Gandini, Oazzetta, 1936, 66, 367. 5 Ber. lois, 46, 2108. 
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this by hydrolysis, yields Qyc\opropane-l:2:Z4ricarboxylic acid 
(XX) on oxidation. 


OH, 
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HjC.C.CHj 

— k- 


OH 
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HOoC.CH 


CH.COAH5 


C3H 


HO«C.CH 
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CH.COgH 


(XIX) 


(XX) 


Bornylene is a crystalline solid, which is remarkably volatile. 
The following constants have been observed for the pure hydro¬ 
carbon prepared from d-camphor by Bredt’s method: m.p. 113°, 
b.p, 146°, [a]/) —21-69° (in toluene, c= 10-45). Tschugaev and 
Budiick"^ found the following values for d-bornylene: m.p. 109- 
109-5°, b.p. 146-5°/750 mm., [a]^ -f 19-29° (in toluene, c= 12-75); 
from its melting-})oint it is doubtful if this specimen was quite 
pure. The specific rotations of d-bornylene in a number of different 
solvents have been recorded by McAlpine.^ d/-Bornylene does 
not appear to have been described. 

Bornylene can be most readily characterised by the preparation 
of its nitrosite, m.j). 163°, which was prepared by Henderson and 
Heilbron* by the action of nitrous acid on the hydrocarbon. 

By the catalytic hydrogenation of bornylene by the Sabatier- 
Senderens process using a nickel catalyst at 170-190°, Henderson 
and Pollock* obtained camphane. 

On treatment with ozone in hexane solution, Harries and 
Haarmann" found bornylene to behave normally, yielding an 
ozonide, CioHigOg (XXI), which decomposed in acid solution to 
give a dialdehyde, b.p. 90-110°/16 mm. This dialdehyde probably 
has formula (XXII), but its characterisation and oxidation to 
camphoric acid do not appear to have been attempted. 


H,C- 
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H.(> 
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~CH 


H-CH 
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^ Anndlent 1912, 388, 288. 
8 Ibid, 1910, 97, 1621. 
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H,C-i-CH—O H,C 

H,c——in—in—0 
(XXI) 
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jC.i.CH, 

<!;h.cho 


(XXH) 


t J.C.S. 1932, p. 648. * Ibid. 1911, 99, 1891. 

II Ber. 1913, 46, 2595. 
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Although, as mentioned on p. 325, bornylene can be purified by 
oxidation of impurities*with hydrogen peroxide, it is attacked by 
this reagent in acetic acid solution. The products of the oxidation 
have been investigated by Henderson and Caw.* They found the 
acids formed to consist of camphenanic and i^ocamphenanic acids 
and a hydroxy-n^oiA., C8Hi2(OH).C02H. The constitution of the 
former acids is discussed on p. 295, whilst the constitution of 
the hydroxy-acid has not been determined. From amongst the 
neutral products, borneol, epiborneol and two glycols, C^QH^gOg, 
m.p. 247-248° and 235-236°, were separated. The latter were not 
obtained in sufficient quantity for their constitution to be 
determined. 

Bornylene was found by Henderson and Heilbron^ to give, on 
oxidation with chromyl chloride, an additive compound, CioH^g, 
2 Cr 02 Cl 2 , isomeric with that obtained by the action of the same 
reagent on camphene (p. 297). By decomj)osition of this with 
water a number of substances were obtained, the principal 
product being camphenilanaldehyde (XXIV), which it is suggested 
is formed by a molecular rearrangement of the oxide (XXIII). 
In addition a chloroketone, CioHigOCl, m.p. 165°, semicarbazone, 
m.p. 234-235°, was obtained. This ketone gives on oxidation 
camphoric acid and, since it is not identical with either of the 
isomeric a-(or a'-)chlorocamphors (XXV), it is possibly a 
chloroepicamphor. 

CH.CHO 



(XXIll) (XXIV) (XXV) 

Bornylene is readily oxidised by nitric acid to camphoric acid, 
but Henderson and Heilbron found that if a dilute solution of the 
mineral acid was used, 2 :S-dinitrocamphane (XXVI), m.p. 137°, 
was also formed. 

With chlorine, bornylene gives 2\Z-dichlorommphane, m.p. 
126°.* By the action of hydrogen chloride on bornylene, Wagner 

♦ 1913,108, 1643. t lUd, 1911, 99, 1891. 

* Gandini, OazzeUa, 1936, 66 , 357. 
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(XXVl) (XXVll) (XXVIIl) 


and Brickner'*' prepared a hydrochloride, bornylene hydrochloride, 
m.p. 138°. This hydrochloride must be 3~chlorocamphanf' 
(XXVII), since on treatment with ])ota8sium hydroxide at 
140-150*^ under pressure it yields, in addition to camphene, 
imtricyclene or ^-bornylene (XXVIIl), m.p. ll?*", b.p. 150- 
151^/753 mm., which has also been termed imbornylene. This 
hydrocarbon has been prepared by Bredt and Holz^ from amino- 
cami)hor and from camphorquinonephenylhydrazone, and has 
been further studied by Nametkin and Brusova.* 

According to Achmatowicz,* however, bornylene gives cam- 
phane derivatives having the halogen atom in position 2 when it 
is treated with the halogen acids. He has described a hydro¬ 
chloride, m.p. 149-149-5°, [a] 2 > +15-43°, a hydrobromide, m.p. 
124-125°, and a hydroiodide, m.p. 22-25°. These are stated to be 
intermediate between bornyl and i^obornyl halides in their 
reactivity and to yield, when heated with water at 100°, tricyclene 
(XXIX). On reduction with zinc dust they give camphene and 
by the action of silver acetate a new alcohol, endoborneol, m.p. 
186° {phenylurethanCy m.p. 138-139°). This alcohol is considered 


C.CH3 



(XXIX) (XXX) 

♦ J. Bu 88, Phys, Chem, Soc, 1903, 36, 536. t J, pr. Chem. 1917 [ii], 96, 133. 

* J, Bu88. Phy8. Chemx Soc. 1930, 62, 333. 

S Bocz. Chem. 1926, 6, 804; 1928, 8, 55; compare Krestinski and Eschtsokenko, 
J. Gen. Chem. Bu88. 1937, 7, 415, 423. 
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to be stereoisomeric with borneol and i^oborneol (XXX), but 
this would appear to be highly improbable since no other stable 
stereoisomers of the latter would be expected to exist. Adequate 
proof of the structure of these camphane derivatives is not 
available and a further study of them is desirable. 

By the action of hypochlorous acid on bornylene, Henderson 
and Mair’*' have prepared a bornylene chlorohydrin, m.p. 99-101®, 
together with a chhrocximphane, m.p. 71-73®. The latter, which 
was not orientated, evidently owed its formation to the presence 
of hydrogen chloride in the hypochlorous acid used. Assuming 
no molecular rearrangement to have occurred, the chlorohydrin 
must be represented by either (XXXI) or (XXXII), and the 
former would appear to be the more ])robable, since on reduction 
with zinc dust borneol is obtained. This constitution cannot, 



(XXXI) 



however, be regarded as established, since on oxidation a chloro- 
ketone is formed identical with that prepared by the oxidation 
of camphene chlorohydrin. As mentioned on p. 309, this ketone 
agrees most closely in its properties with cu-chlorocamphor and 
further work is therefore necessary before the constitution of 
bornylene chlorohydrin can be regarded as proved. When it is 
treated with alkali it gives a small quantity of a glycol, m.p. 
103-105®, possibly a stereoisomeride of camphor glycol (2:3- 
dihydroxycamphane), which melts at 230-231®. 

On hydration by the Bertram-Walbaum method, bornylene 
gives a mixture of bornyl and i^obornyl acetates, but the reaction 
proceeds much more slowly than in the case of camphene. It may 
be mentioned that Wagner and Brickner,^ who first studied this 
reaction, considered that epiborneol was formed (compare p. 613). 


♦ J,C.S, 1923,123, 1166. 
t Ber, 1903, 36, 4602. 
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APOBORNYLENE 


H,C- 


-CH—CH 


H«C 


HjC.C.CHa 
ijH—CH 


The hydrocarbon, apobornylene (II), C 0 H 14 , was first prepared 
by Wagner and Lemischewski* by the distillation of methyl 
camphenilylxanthate (I), and its constitution was proved by its 
oxidation with potassium permanganate to ciB-apocamphoric 
acid (III), m.p. 205-206®, an acid which has been prepared 
synthetically by Komppa.^ It will be observed that the conver¬ 
sion of the xanthate into the hydrocarbon involves a Wagner 
rearrangement. 



(VI) 


(V) 


(IV) 


Shortly afterwards, Moycho and Zienkowski* showed that the 
dichhride (V), which could be prepared by the action of phos¬ 
phorus pentachloride on camphenilone (IV), gave on reduction 
with sodium in ethereal solution apobornylene. A more recent 
study by Komppa and Roschier* of these methods for the pre¬ 
paration of apobornylene has shown that the hydrocarbon is not 
homogeneous, a stable saturated tricyclic hydrocarbon, apo- 
cyclene (VI), m.p. 42-5-43®, b.p. 138-139®/764 mm., df 0-8710, 

♦ Beilstein, Handbuch der Organiachen Chemie, 4th ed. 5, 123. 

t Anmkn, 1909, 368, 126. « Ibid. 1905, 340, 57. 

S Ibid. 1922, 429,175; compare Hintikka and Komppa, ibid. 1912, 387, 293. 
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1-4314, being formed simultaneously. In the formation of 
this latter hydrocarbon ring closure occurs without any molecular 
rearrangement. Nametkin and Alexandrov* have found that 
apocyclene can be most conveniently prepared by the action of 
mercuric oxide on camphenilone hydrazone in the presence of 
alkali.^ Apocyclene can readily be obtained pure and free from 
apobornylene, since it is extremely resistant to the action of 
oxidising agents. Its constitution has been proved by its hydra* 
tion to p-fenchocamphorol (VII), which was identified by oxidation 
to ^-fenchocamphorone (VIII) and apofenchocamphoric acid (IX), 
m.p. 144-145°.^ 
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Apobornylene has m.p. 35*5-36°, b.p. 136-1377755 mm., and 
has an odour resembling that of camphene. No crystalline 
derivatives have been prepared, but it can be readily identified 
by oxidation with potassium permanganate to ci^-apocamphoric 
acid. On oxidation with ozone it yields a dialdehyde, but this 

♦ Anmilen, 1928, 407, 191. 

t Compare Meerwein and van Emster, Ber. 1920, 53, 1815; Nametkin and 
Bo^aheva, J« Buss. Phys. Chem. 80 c. 1930, 62, 1335. 

^ Compare Nametkin and Alexandrov, J. Bttss. Phys, Ohem. Soc. 1926, 57, 395; 
ibid. 1930, 62, 1335. 
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cannot be purified and is rapidly oxidised by the air to apocam- 
phoric acid. 

The reduction of apobornylene to the corresponding saturated 
hydrocarbon does not appear to have been carried out. 

TRIGYCLENE (CYCLENE) 

C.CH3 



The interesting tricyclic hydrocarbon, CjoHig, known as tricijclene 
or cydene, was first prepared by Godlewski and Wagner^ by the 
action of zinc dust on pinene dibromide (2:6-dibromocamphane) 
(I) in alcoholic solution.^ It was shown subsequently by Wagner, 
Moycho and Zienkowski* to be present in camphene prej)ared by 
the dehydration of isohovneol. It can be readily separated from 
the unsaturated hydrocarbon by oxidation of the latter with 
potassium permanganate, since it is not attacked by this reagent 
even on long boiling. It had been suggested by Semmler® that 
pinene dibromide was the camphane derivative (I), and in 1902" 
he assigned to tricyclene the structure (II), which has been con¬ 
firmed by later investigations. p 



Since the pioneering investigations of Wagner and his col¬ 
laborators, tricyclene has been obtained by a number of reactions, 
but undoubtedly the most convenient for its preparation is that 
devised by Meerwein and van Emster,^ who have shown that it 

J, Buss, Phys, Chem, Soc. 1896, 29, 121. 

+ Aschan {Ber. 1928, 61, 42) has shown that tricycleno is similarly formed when 
pinene dichloride is treated with sodium. * Ber. 1904, 87, 1035. 

« Ibid, 1900, 88, 3423. « Ibid. 1902, 85, 1019. 5 Ibid. 1920, 58, 1815. 
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results in excellent yield when camphorhydrazone (III) is treated 
with yellow mercuric oxide in alkaline solution. They formulate 
the reaction as proceeding in accordance with the following 



Tricyclene can be prepared also from tricyclenic acid (V), m.p. 
151°, which Bredt and May* showed was formed when Jagelki’s^ 
‘‘camphenilic nitrite” was treated with concentrated sulphuric 
acid. The mechanism of this reaction has been studied by Lipp,* 
who, as mentioned on p. 311, has shown camphenilic nitrite to 
be (jD-nitrocampJiene (IV). He has suggested that the conversion 
into tricyclenic acid takes place in the manner outlined below. 

CtCH.NOjj 



♦ Chem,-Ztg. 1909, 38, 1265. 
t Annalefi, 1913, 399, 241; 1914, 402, 343. 


t Ber. 1899, 32, 1498. 
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Although it was not found possible to separate any of the 
intermediate products postulated in the scheme, Lipp showed 
that a similar series of reactions occurred with hydrobromic acid, 
and in this case the intermediate bromide (VI) was isolated and 
its constitution determined by conversion into the nitrile (VII), 
m,p, 171-172°, which gave on hydrolysis the acid (VIII), m.p. 
221 - 222 °. 
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The conversion of tricyclenic acid into tricyclene has been 
successfully carried out by Lipp^ and by Komppa.^ In his first 
experiments Lipp reduced the nitrile of tricyclenic acid (IX) 
to the corresponding base, w-aminotrioyclene (X), b.p. 100- 
101°/27 mm., but, on attempting to convert this into the alcohol 
by the action of nitrous acid, molecular rearrangement occurred 
with the formation of (^mphenilariuldehyde (XI). 

A second method was more successful. By the reduction of 
ethyl tricyclenate (XII) the alcohol, tricyclol (XIII), m.p. 111-112°, 
was obtained, which on oxidation with chromic acid gave the 
aldehyde, tricyclol (XIV), m.p. 85-90°, semicarbazone, m.p. 219- 
220 °.* From this, by Wolff’s reaction, the hydrocarbon was 
prepared, 

♦ Ber, 1920, 58, 769. + Ihid, 1929, 62, 1366. 

♦ Reference has already been made (p. 312) to the formation of this aldehyde 
from (ii-nitrocamphene; on further oxidation it gives tricyclenic acid. 
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C.CN C.CH.NH, 



Komppa adopted a somewhat similar method, but, in place of 
oxidising the alcohol to the aldehyde, he converted it by the 
action of phosphorus trichloride into the chloride, w-chlorotri- 
cyclene (XV), which on reduction with sodium and alcohol gave the 
hydrocarbon. He also showed that treatment of the alcohol with 
hydrogen chloride gave 2: lO^dichhrocamphane (XVI). Unlike the 
action of phosphorus pentachloride, rearrangement occurs when 
tricyclol is treated with phosphorus pentabromide, the product 
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being ^’broimcampheney which can be converted through ^’Ocet- 
oxycamphene into Q-hydroxycampheney m.p. 60®. Hydration of 
the 6-acetoxycamphene gives 2: h-dihydroxycamphane, m.p. 240- 
242®, which is oxidised by chromic acid to 2 :^-dik€tocamphane, 
m.p. 192-193®. The reactions involved are shown in the scheme 
below 
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Of great interest is the observation of Ruzieka and Liebl + that 
teresantalie acid (XVII) can be converted into tricyclene. The 
ester of this acid on reduction gives teresantahly m.p. 114®, which 
is oxidised by chromic acid to the aldehyde (XVIII), semicar- 
bazone, m.p. 217°. From this semicarbazone by Wolff’s reaction 
tricyclene was obtained. 


C.CH3 
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HaC.C.COaH 


CH-CH* 


(XVII) 




* Lipp, Chem, Ber. 1947, 80, 165. + Helv, Chim. Acta, 1926, 9, 140. 
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Tricyclene, which is very volatile, melts at 67*5-68°, b.p. 
153°/761 mm., dlf 0*8440, 1*4405.^ The heat of com¬ 

bustion has been found by Roth and Ostling^ to be practically 
identical with that of camphene, 1469*1 kg.-cals. 

On reduction by the Sabatier-Senderens process over a nickel 
catalyst at 180-200°, tricyclene passes smoothly into mocamphane 
(XX), the reaction proceeding evidently with the intermediate 
formation of camphene (XIX), since this hydrocarbon is obtained 
if tricyclene is passed over the same catalyst in a current of 
nitrogen.* According to Zelinski and Lewina® by passage over 
platinum black at 155-160° tricyclene yields camphane (XXI), 
ring fission occurring in the alternative manner. 
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In view of the older theories that tricyclene was an intermediate 
stage in the Wagner rearrangement (p. 158), the action of the 
halogens and the halogen acids on the hydrocarbon is of con¬ 
siderable interest. Meerwein and van Emster" prepared by the 
action of bromine a liquid dibromide, which was-not identical 
with either bornyl dibromide or camphene dibromide, and they 
therefore consider that it is probably a true dibromotricyclene. 
A crystalline chlorotricyclene (XXIII), m.p. 134-135°, b.p. 194- 
195°, was obtained by Meerwein and Wortmann^ by the action 
of potassium acetate on ^-camphor dichloride (2:4-dichloro- 

♦ Ostling, J.C,S. 1912,101, 472. t Ber. 1913, 46, 312. 

* Meerwein and von Emster, Ber. 1920, 68, 1816. * AmuUea, 1929, 478, 63. 

I* Ber. 1920, 68, 1816. f AnwUen, 1924, 485, 206. 
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camphane) (XXII) in phenol solution. The chloride so obtained 
is not homogeneous, being mixed with p-chlorocamphene (XXIV), 
since, on reduction with sodium and alcohol, it yields a mixture 
of tricyclene and camphene. It is not possible to separate these 
two chlorides by fractional crystalhsation, but on ozonolysis 
the chlorocamphene is oxidised, the chlorotricyclene (see p. 304) 
not being attacked. 


C:CH^ C.CH, 



(XXIV) (XXII) (XXJIl) 


By the action of hydrogen chloride on an ethereal solution of 
tricyclene caynphene hydrocMoride (XXV) is obtained, whilst on 
hydration it gives a mixture of borneol and ^5r>bo^neol (XXVI). 
This reaction is, however, very slow and its bearing on the 
me(*hanism of the Wagner rearrangement is discussed elsewhere 


(p. 319). 


C.CH. 




Nametkin and Zabrodina* have shown that tricyclene, on 
treatment with dilute nitric acid at 125-130°, yields oL-nitro- 
camphene (XXVIl) (see p. 314). 


C.CH, C:CHa 



AnndUn, 1925, 441, 181. 


22-2 
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BORNYL AND IBOBORNYL CHLORIDES 



The early investigations resulting in the preparation of bornyl 
chloride (artificial camphor, pinene hydrochloride) have been 
already described on p. 106, but it is desirable to consider here 
the evidence upon which the constitution of this substance is 
based and also to discuss some of its more important reactions. 

Although it was recognised by Berthelot that “artificial 
camphor’’ was not a true derivative of pinene, its constitution 
and the nature of its relationship to bornyl chloride and isohornyl 
chloride (the so-called camphene hydrochloride) was not deter¬ 
mined until much later. In 1899, Wagner and Brickner* showed 
“artificial camphor” to be identical with bornyl chloride (pre¬ 
pared from borneol), and that it was therefore a derivative of this 
alcohol (I), in which the hydroxyl group had been replaced by 
halogen. It followed therefore that it had formula (II), i^obornyl 
chloride (IV) being related in a similar manner to i^oborneol 
(III).^ 



♦ J5er. 1899, 32, 2302. 

At the time the stereochemical relationship of bomeol to isobomeol was not 
recognised and Wagner considered isobomeol to be a derivative of camphene (see 
p. 364). 
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Although bornyl chloride was very resistant to oxidising 
agents, direct experimental proof of the correctness of Wagner 
and Brickner’s view was already available. In 1896, Armstrong’*' 
had shown that when bornyl chloride was oxidised with concen¬ 
trated nitric acid at 20° ketopinic acid (V) (see p. 301) was 
obtained, whilst Garner and Cockburn^ by the action of dilute 
nitric acid prepared camphoric acid (VI) and apocamphoric acid 
(VII), the latter acid obviously being derived from either cam- 
phene or camphene hydrochloride. 


OH 3 

HgC-C.COaH 

HgC.i.CHa 

HaC-ia.COaH 
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HaC.i.CH, 
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HaC.i.OH, 


CH- 


( 11 ) 


COaH 

11^0-1;-CO 




HgC.i.CHa 

-in—< 


CH, 


(V) 


The formation of these acids by the degradation of bornyl 
chloride left little doubt that it contained the camphane skeleton 
and this was confirmed by its reduction with sodium to the 
saturated hydrocarbon.* The position of the chlorine atom was 
proved by its preparation from borneol (see p. 342). 

Bornyl chloride crystallises in leaflets, m.p. 132°, b.}). 207-208°. 
It has an odour resembling that of camphor and it is very volatile 
at the ordinary temperature. When prepared from optically 
active sources it is optically active, and it has the same sign as 
the hydrocarbon (or alcohol) from which it is prepared. The 
highest recorded rotations would appear to be the following: 
Wn +33-52° (in alcohol c=l), [ajj, — 33-24° (in alcohol c = l).* 
Bornyl chloride can be prepared most conveniently by treating 
a-pinene, dissolved in chloroform, with hydrogen chloride at 0°. 
Its formation has also been observed in a number of other 


J,C.S. 1896, 69, 1397. t Ibid. 1898, 78, 278. 

♦ Semmler, Ber. 1900, 33, 774. 

* Thurber and Thielke, J. Amer. (\8. 1031, 53, 1032. 
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reactions. Berthelot’*' obtained it by the action of hydrogen 
chloride on borneol in* a sealed tube at 100°, whilst Wagner and 
Brickner ^ separated it in a small yield from amongst the products 
of the action of phosphorus pentachloride on this alcohol, the 
main product of the reaction being, however, isobornyl chloride. 
Hiickel and Pietrzok* have shown that if a small amount of 
ferric chloride is added to the phosphorus pentachloride, the 
product is almost pure isohornyl chloride. Kondakov and 
Schindelmeiser prepared it by the action of hydrogen chloride 
on bornyl acetate in acetic acid solution. It may also be obtained 
by direct chlorination of camphane;" further action yields 
2:3-dichlorocamphane.^ 

As was mentioned above, on reduction bornyl chloride yields 
camphane. When treated with sodium it gives a mixture of 
dihornyl, m.p. 88-90°, camphene, and camphane the same 
products are also foi’ined by the action of methyl magnesium 
bromide in the presence of a cobaltous chloride catalyst.^' 

Apart from its tendency to tautomerisc to i6obornyl chloride 
(see below), bornyl (Iiloride is extremely stable. Two reactions 
which it undergoes are of great importance and have been 
very thoroughly investigated. By the elimination of hydrogen 
chloride, as was first mentioned by Berthelot (see p. 106), it gives 
camphene, whilst the replacement of the halogen atom by a 
hydroxyl group yields isoborneol. Since both camphene and 
i^oborneol are utilised in the manufacture of camphor, these 
reactions are of technical importance and have formed the subject 
of numerous patents. The elimination of hydrogen chloride can 
be effected by the action of bases, sodium hydroxide in the 
presence of catalysts, quinoline, higher pyridine bases, the 
naphthylamines, etc., wliilst for the preparation of i^oborneol or 
i5obornyl esters the salts of various fatty acids have been em¬ 
ployed. Full references will be found in the technical literature.** 

^ Ann, Chim. 1869 [iii], 56, 92. 

+ Ber, 1899, 32, 2302; compare Kachler, Annalen, 1872, 164, 77; Wallach, ibid, 
1885, 230, 231. 

» Annalen, 1939, 640, 260. « J, pr, Chem, 1907 [ii], 76, 533. 

I) Gandini, Oazzetta, 1936, 66, 357. 

5 Compare Frankforter and Frary, J, Amer, C,S, 1906, 28, 1464. 

Gandini, OazzeUa, 1934, 64, 302. 

++ Kharasch, Engelmann and Urry, J, Amer. C,S. 1944, 66, 365. 

♦♦ Compare Tkorpe^s Dictionary of Applied Chemistry, 4th ed. Vol. ii, p. 249, 
London, 1938. 
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Interesting results have accrued from a study of the action of 
magnesium on bornyl chloride. This reaction was first investi¬ 
gated by Hesse,* who showed that the compound which was 
formed by the action of magnesium on bornyl chloride in the 
presence of ether was decomposed by water giving camphane, 
whilst, if it was subjected to the action of oxygen prior to decom¬ 
position, borneol resulted. The action of carbon dioxide on the 
magnesium bornyl chloride complex was very carefully studied 
by Houbcn and his collaborators.^ The reaction proceeds 
normally with the formation oicamphane-'Z-carboxylic acid (Vlll), 
m.p. 78^ faJ 2 > - 18-2()'^ (in alcohol), which may be identical 
with the acid obtained by Bredt and Perkin* by reduction of 
bornylcnc-2-00rboxylie acid. When heated, or when warmed with 
acid or with alkali, it isomerises to give tw o new a(‘ids, needles, 
m.]). 86-86°, and prisms, m.]). 86-87°, both of which are still 
laevorotatory. The coiTes])oiidingdZ-camphane-2-carboxyIic acid 
(from inactive bornyl chloride), m.p. 78-80on similar treatment 
gives an acid, m.j). 93- 94Under slightly different conditions 
the treatment of /-bornyl chloride with magnesium and carbon 
dioxide gives a d-camphane-2-carboxyIic acid, m.p. 76-78°, 
wdiicli may be isomerised to a /-acid, rn.p. 88-89°; the latter may 
be identical with the acid, m.p. 88-89° {nitriley m.p. 157-158°), 
obtained by the action of cyanogen on bornyl magnesium 
chloride." In a more recent investigation, Vavon and Riviere^ 
have obtained by isomerisation of /-camphane-2-carboxylic acid, 
m.p. 77°, two acids, prisms, m.p. 82°, [a] 578 o + ^ leaflets, 

m.p. 75-76°, [a] 578 o -f 7-4°. Furthermore, attention must be 
drawn to those other products which have been described as 
camphane-2-carboxylic acid: (i), m.p. 88-89°,** obtained by 
oxidation of camphane-2-aldehyde, m.p. 131°, derived by the 
action of formanilide on bornyl magnesium chloride;** (ii), m.p. 

Ber. 1906, 89, 1132, 1161, 

+ Houben, Ber. 1906, 88, 3799; 1906,89,1701; Houben and WilMroth, ibid. 1913, 
46, 2283, 2630; Houben and Pfankuch, ibid. 1926, 59, 966, 2286; compare Zelinski, 
ibid. 1902, 35, 4418. * J.C.S. 1913,103, 2219, 

* Barbier and Grignard, Bull. Soc. chim. 1914 [iv], 15, 31, 36. 

Grignard and Bellet, Compt. rend. 1912,155, 44. 

5 Compt. rend. 1943, 216, 251; Bull. Soc. chim. 1943 [v], 10, 460; Riviere, Ann. 
Chim. 1946 [xii], 1, 167. 

** The optically inactive acid obtained by regeneration from the anhydride, 
however, had m.p. 78°. 

++ Houben and Doescher, Ber. 1910, 48, 3435. 
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69-71°, [a] 2 > — 10°, obtained by oxidation of camp^ne-2-car6fnoZ, 
m.p. 86-87°, prepared by the action of ethyl formate on bomyl 
magnesium chloride;^ and (iii), m.p. 71°, [a] 2 > +11*3°, a by¬ 
product from the action of alcoholic alkah on methyl 2 -chloro- 
camphane- 2 -carboxylate (see below), and possibly identical with 
an acid possessing similar physical constants which was obtained 
by Passerini^ by reduction of bornylene-Q-carboxylic acid, m.p. 
66 - 66 °. Since only four active and two inactive forms are possible 
for the acid under discussion, some of the isomers mentioned above 
must either be mixtures, or structural isomerides. Vavon and 
Riviere consider that the existence of their products (melting at 
75-76° and 82°) may be explained by steric hindrance, free 
rotation of the carboxyl group being restricted by the hydrogen 
atom on C 3 , but this would appear to be highly improbable. 
Indeed, in view of the fact that bornyl and i^obornyl chlorides 
are tautomeric with camphene hydrochloride, it is possible that 
some of the acids described may be contaminated with iso- 
camphane derivatives. 

When camphane- 2 -carboxylic acid, m.p. 78°, is treated with 
chlorine and phosphorus pentachloride, it gives the acid chloride 
of 2 -chlorocamphane- 2 -carboxylic acid (IX), m.p. 118-119°, 
which by the action of alkalis loses hydrogen chloride with the 
formation mainly of camphene-l-carboxylic acid (X), m.p. 109- 
110 °. The constitution of this acid is proved by its oxidation to 
the camphenilone carboxylic acid (XI), m.p. 134°, which had been 
prepared previously by AschaA* from camphenic acid. On 
reduction, it gives i&ocamphane-l-carboxylic acid, m.p. 126°. 

When the acid (X) is warmed with acetic or formic acid in the 
presence of zinc chloride it undergoes hydration. It was originally 
thought that the product, m.p. 221 - 222 °, was Q’hydroxycam- 
phane-2-carboxylic acid, formed by a normal Wagner rearrange¬ 
ment, but it has since been formulated as 2-hydroxycamphane- 
4:-carboxylic acid (XII).* This is produced by a change of the 
Nametkin type (compare p. 162) in which the intermediate 
hydrate (XIII) isomerises by a pinacolic rearrangement into 
(XIV), which then undergoes the Wagner change. Dehydration 

♦ Bousset and Vaugin, BvU. Soc, chim, 1930 [iv], 47, 986, 

t OazzeUa, 1924, 54, 540. 

t Annakn, 1911, 888, 58; 1915, 410, 240. 

( Houben and Hankuoh, Anrtalm, 1931, 489,193. 
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of the hydroxy-acid (XIV) gives l-camphene-4:-carboxylic acid 

(XV) , m.p. (dWorm, m.p. 131®), which regenerates the 

same hydroxy-acid on hydration, and on reduction yields iso- 
camphaneA-carboxylic acid, m.p. 170®. A precisely similar series 
of reactions can be brought about by the treatment of camphene- 
l-carboxylic acid with hydrogen chloride;^ 2-chlorocamphane- 
4i-carboxylic acid, m.p. 164-165®, is thereby obtained, and it is 
also formed under similar conditions from camphene-4-carboxylic 
acid, into w^hich it is converted by elimination of hydrogen 
chloride. Sulphuric acid, also, may be used, an intermediate 
product then being camphenehydratoA-carboxylo-ir-sulpholactone 

(XVI) ; Asahina and Kawahata have shown that this substance 
gives camphcne-1-carboxylic acid on treatment with copper 
bronze, whilst when heated under pressure with water at 190® 
it gives the isomeric 4-carboxylic acid. 

hoBorvyl chloride, wliich was formerly known as camphene 
hydrochloride, was first prepared by Berthelot^ by the action of 
hydrogen chloride on camphene in alcoholic solution. He showed 
further that it could readily be reconverted into camphene. The 
formation of this hydrochloride, m.jD. 147®, from cam])hene 
was confirmed by Riban,* w^ho observed that i-caraphene 
(Wn —61*04®) gave d-i^obornyl chloride, [a]jr> -f 30*25®, from 
which, by the elimination of hydrogen chloride, i-camphene, 
— 8*5®, was obtained. The same chloride was prepared by 
Kachler* by the action of phosphorus pentachloride on borneol, 
whilst Jiingcr and Klages" and Reychler^ described its prepara¬ 
tion by the action of this reagent on i^obomeol. The identity of 
the chloride prepared by these various methods was not however 
fully recognised, and this, together with the problem of the 
relationship of bornyl and iaobomyl chlorides, gave rise to a 
considerable controversy, into which it is unnecessary to enter 
here. There can be no doubt that these two chlorides are related 
to one another in exactly the same manner as bomeol and' 
f.?obomeol, being ciij-^mTi^-isomerides, although this view does 
not appear to be shared by Aschan.'** Final proof that i«obomyl 

^ Asahina and Kawahata, Ber, 1939, 72, 1540. 

+ Anmiien, 1859,110, 367; Compt rend, 1862, 56, 497. 

* Ann, Chim, 1876 [v], 6, 363. » Annalen, 1879,197, 93. 

11 Ber, 1896, 29, 644. 5 Ihid. p, 697. 

Naphienverbindungen, Terpene und Campherarten, p, 180. 
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chloride was not camphene hydrochloride was provided by the 
preparation of this substance by Aschan (see p. 307). On reduc¬ 
tion with sodium, i^obornyl chloride, like bornyl chloride, 3 delds 
camphane,’^ and in its general chemical behaviour it resembles 
this chloride, although there are considerable differences in the 
facility with which the reactions proceed. Differences of exactly 
the same kind are observed in the case of borneol and i^oborneol 
and are doubtless due to their spatial configurations. i^oBornyl 
chloride is much less stable than bornyl chloride and, on boiling 
with water, elimination of hydrogen chloride with formation of 
camphene occurs. This hydrocarbon is also obtained by the 
action of alkalis; in this connection, it is, however, of particular 
interest to note that by the action of milk of lime at 50-00^ 
Aschan^ obtained camphene hydrate (see }). 317). When iso- 
bornyl chloride is heated with acetic acid it yields i^obornyl 
acetate. 

The relationship of bomyl chloride (II), i,§obornyl chloride 
(IV) and camphene hydrochloride (XVII) to one another has 
formed the subject of two important papers by Meerw’ein and 
van Emster,* to wdiich reference has already been made. By a 
series of well-conceived kinetic ex])eriments, they have shown 
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* Semmler, Ber. 1900, 88, 3420. + Her. 1908, 41, 1092. 

* Ibid, 1920, 58, 1821; 1922, 55, 2506. 
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that these three chlorides are true tautomerides. As typical 
examples illustrating the tautomerism of i^obomyl chloride and 
camphene hydrochloride the following may be quoted: (i) cam- 
phene hydrochloride (XVII) gives with water camphene hydrate 
(XVIII) , whilst by the action of methyl alcohol i^obomyl methyl 
ether (XIX) is obtained ; (ii) t^obornyl chloride (IV) gives with 
silver acetate isohomyl acetate (XX), with milk of lime camphene 
hydrate (XVIII). 

The rate of conversion of camphene hydrochloride into isO’ 
bornyl chloride can be followed quantitatively by taking advan¬ 
tage of the property referred to already on p. 308, that the former 
titrates in solution like free hydrochloric acid. As has been 
observed in other cases of tautomerism, the velocity of the change 
is dependent upon the nature of the solvent, and this effect is very 
noticeable in the reaction camphene hydrochloride -> fsobornyl 
chloride. In ethereal solution, camphene liydrochloride is re¬ 
markably stable, whilst in nitromethane at 20° 50 per cent, is 
converted into i^obornyl chloride in hr. The reaction velocity 
is related directly to the dielectric constant of the solvent, 
increasing as this increases. A marked influence is exerted also 
by catalysts, the velocity being enormously increased by the 
addition of stannous chloride, hydrogen chloride, phenols, etc.“^ 
As is the case with any true tautomeric change, the reaction is 
never complete and is reversible. It appears probable that the 
initial stage is a rate-controlling ionisation of the chlorine atom; 
the “camphene hydro-” cation so produced tautomerises to the 
bornyl cation, which, with Walden inversion, recaptures a 
chloride ion and forms i^obomyl chloride.^ The ionic nature of 
this and similar reactions is probably the cause of the racemisa- 
tion, either partial or complete, which occurs in reactions such 
as i-camphene d-i^obornyl chloride -> i-camphene.* 

A similar tautomerism exists also between bornyl chloride and 
i^obomyl chloride, but in this case the change is more difficult 
to follow. Meerwein and van Emster observed, however, that if 
i^obomyl chloride is dissolved in chlorobenzene containing some 

* Compare Bartlett and Pdckel, J. Amer, C,S, 1938, 60, 1585; Bartlett and Gill, 
ibid. 1941, 63, 1273. 

t Compare Bateman, Cooper, Hughes and Ingold, J,C,S. 1940, p. 930; Novell, 
de Salas and Wilson, J.C.8. 1939, p. 1188. 

^ Meerwein and Monfort, Annalen, 1923, 485, 207. See also p. 304. 
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stannous chloride and the solution maintained at 100° for 20 hr., 
an equilibrium mixture was obtained containing approximately 
idobornyl chloride 15*1 per cent., camphene hydrochloride 3*8 per 
cent, and bomyl chloride 74* 1 per cent. 

In view of its tautomeric nature, it is not surprising that the 
melting-point recorded for i^obomyl chloride shows very marked 
variations (from 146 to 165°). Meerwein and van Emster state that 
the pure chloride melts at 161-5°. The more important reactions 
of the chloride have been discussed already. 

Corresponding to bornyl chloride and i^obornyl chloride, the 
bromides and iodides have been prepared, Bornyl bromide melts 
at 92° and resembles bornyl chloride very closely in its properties,^ 
whilst imbomyl bromide melts at 133°.^ According to Aschan,* 
bornyl iodide is best prepared by the addition of bornyl chloride 
to an ethereal solution of magnesium iodide. It melts at — 3 
to - 5°, b.p. 99-100°/6 mm., 1-4553, [a]^) + 16-02°. The pre¬ 
paration of i^obornyl iodides has been described by Wagner and 
Brickner • and by other investigators, but the homogeneity of the 
iodide would appear doubtful. 
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The secondary alcohol, borneol, CioHjgO, occurs somewhat widely 
distributed in nature both in the free state and in the form of its 
esters. d-Borneol, “Borneocamphor”, forms the main con¬ 
stituent of the oil from Dryobalanops aromatica Gaertn., whilst 
Z-borneol, “Ngai-camphor occurs in that obtained from Blumea 
balsamifera. dZ-Borneol is also found in a number of other oils." 

* Wallaoh, Annalen, 1887, 239, 7. 

+ Semmler, Ber, 1900, 38, 3428. ^ Ber, 1912, 45, 2395. 

* Ibid, 1899, 32, 2320. 

(I Compare Gildemeister and Hoffmann, Die Atheriacken Ole, 3rd ed. 475. 
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Owing to its being a crystalKne solid, borneol is one of the 
constituents of essential oils which has been longest known, but 
in the early literature it is not infrequently confused with 
camphor. The first scientific investigation was due apparently to 
Pelouze,*^ who examined the oil of Dryobalanops aromatica and 
showed the “camphor*" which it contained to have the com¬ 
position CioHigO, melting at 198° and boiling at 212 °. Biot^ 
observed that it was dextrorotatory in alcoholic solution. By the 
action of phosphorus pentoxide Pelouze obtained a hydrocarbon, 
CioHig, and by oxidation a substance which had all the properties 
of the camphor derived from Cinnamonum Camphora, Simul¬ 
taneously, the “camphor” prepared from oil of valerian {Vale¬ 
riana officinalis L.) was under investigation,* and was considered 
by Gerhardt to be identical with borneocamphor. He introduced 
the name borneol, and he made the important suggestion that 
camphor and borneol were related to one another as aldehyde 
and alcohol. Proof that borneol was an alcohol was first supplied 
by the work of Berthelot,* who prepared bornyl esters by its 
interaction with stearic and benzoic acids. At the same time 
Berthelot found that borneol could be prepared from camphor 
by the action of an alcoholic solution of potassium hydroxide, 
when, in addition to borneol, a second alcohol of the same com¬ 
position, but with a different rotatory power, was formed. For 
the synthetic borneol Berthelot introduced the name “ camphol ** 
and in collaboration with Buignet" he described another “ cam¬ 
phor", which they prepared by the action of alkali on amber 
resin. This differed from borneocamphor and camphol in having 
a very low rotatory power. Berthelot observed further that 
camphol gave on treatment with hydrogen chloride a hydro¬ 
chloride resembling closely in its properties “artificial camphor ”. 
A more convenient method for the reduction of camphor to 
borneol was devised by Baubigny,^ who treated the ketone with 
sodium in toluene solution. After solution of the sodium, the 
mixture was saturated with carbon dioxide and water added, 

* Compt. rend, 1840,11, 366; Anruden, 1841, 40, 326. 

+ Compt, rend, 1840,11, 374. 

* Gerhardt and Cahours, Annahn, 1841, 88, 69; Gerhardt, ibid, 1843, 46, 29. 

* Ann, Chim, 1869 [iii], 16, 61. 

ti Compt. rend, 1860, 60, 606; AnnaUn, 1860,116, 244. 

Ann, Chim, 1870 [iv], 19, 221. 



CH. V 


AND THEIR DERIVATIVES 


851 


when bomeol separated, the camphorcarboxylic acid, which was 
formed simultaneously, remaining in solution. Baubigny ob¬ 
served, however, that the rf-bomeol prepared in this manner was 
not homogeneous, a second alcohol, which was laevorotatory, 
being also formed. A more detailed study of these two reactions 
was made by Kachler.’^ He concluded that Baubigny’s reaction 
proceeded in the following stages: 
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Borneo! was thus a saturated secondary alcohol and camphor 
the corresponding ketone. He prepared by the action of hydrogen 
chloride and phosphorus pentachloride a chloride, in.p. 157 °, and 
by the action of phosphorus pentoxide a hydrocarbon, “bor- 
neene”. Some years later Kachler and Spitzer^ showed that this 
chloride when treated with alkalis gave camphene, whilst by the 
action of silver acetate bornyl acetate was obtained. The action 
of sodium on both d- and Z-camphors was studied by Montgolfier.* 
He succeeded in preparing from df-camphor a dextrorotatory and 
laevorotatory alcohol and from Z-camphor a laevorotatory and 
dextrorotatory alcohol. The laevorotatory alcohol from d- 
camphor and the dextrorotatory alcohol from Z camphor were 
not stable and the former was converted, either by the action of 
heat or by warming with organic acids (stearic, acetic, benzoic 
acids), into the stable dextrorotatory alcohol. This stable alcohol, 
camphol stable, was identical with natural borneocamphor. The 
two less stable alcohols were designated camphols instables and 
are now known to be the d- and Z-raodifications of isoborneol. 

Since the formation of borneol and i^oborneol by the action of 
sodium on camphor is accompanied by that of camphor car¬ 
boxylic acid, the yield is poor and a great advance was made by 
the discovery of Jackson and Menke* that camphor could be 
reduced to borneol by sodium in alcoholic solution. Although 

* Annahn, 1872, 162, 259; 1873, 169, 168. 

1 Ibid, 1879, 197, 86; 200, 340. 

» Compt rend. 1876, 88, 341; 1879, 89, 101. 

• Amer. Chem. J. 1884, 6, 270. 
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this method of preparation was criticised by Kachler and 
Spitzer,^ who stated that the borneol prepared by this method 
was always contaminated with camphor, the later experiments 
of Immendorf,^ Jackson* and Wallach* fully substantiated the 
original claims of Jackson and Menke. 

Before proceeding to consider the experiments of Haller on the 
relationship of borneol and isohomeol to one another, reference 
must be made to the fundamental observation of Bouchardat and 
Lafont," who found that when oil of turpentine was heated at 
100° with acetic acid an oi)tically inactive borneol, m.p. 185*5- 
190°, was obtained. These authors then proceeded to investigate 
in great detail the conditions governing the hydration of pinene 
and they showed’ that both the optically active modifications of 
borneol and i^obomeol could be prepared, their sign depending 
upon that of the hydrocarbon used in their preparation. 

Three methods were available therefore for the preparation of 
borneol and i^oborneol: (i) the reduction of camj)hor by sodium 
in a neutral solvent, (ii) the reduction of cam])hor by sodium in 
alcoholic solution, and (iii) the hydration of pinene and camphene. 
Although it was known that Montgolfier’s cam 2 )hols stables and 
instables both gave camphor on oxidation, the structural relation¬ 
ship of the two alcohols was not at all clear and the properties 
of i^oborneol had not been studied in any detail. The elaborate 
investigations of Haller, which extended over some six years, 
and which are summarised in his memoir published in 1892,’^’^ did 
much to clarify the position and to provide a firm experimental 
basis for future investigations. Dealing in the first place with the 
natural alcohols, Haller was able to show that d-borneol, m.p. 
208*5°, [a] 2 ) +37*33°, from Dryobalano'ps aromatica, was the 
optical enantiomorph of i-borneol from Blumea balsamifera, the 
former giving on oxidation rf-camphor and the latter Z-camphor. 
Berthelot’s “camphol” from amber was a mixture of the two. 
In order to investigate Montgolfier’s stable and unstable alcohols, 

♦ Monatah. 1884, 6, 60. 

+ Ber, 1884,17, 1036. 

t Amer. Ohem, J, 1884, 6, 404. 

S Anndleni 1885, 230, 223. 

II CompL rend. 1886,102, 171; 1887.105, 1177. 

1 Ibid. 1887,104, 1717; BvU. 8oc. cUm. 1887 [ii], 48, 781; Ann. Ghim. 1887 [vi], 
9, 609; 1888 [vi], 15, 146; 1889 [vi], 16, 236. 

Ann. Chim. 1892 [vi], 27, 392. 
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Haller devised a method for the separation of these in a state of 
purity. Direct separation of the two by fractional crystallisation 
was not possible, and Montgolfier had obtained the ‘"stable” 
alcohol by treatment of the mixture with stearic acid at 275°, 
when the stearate of this alcohol was formed, the unstable 
alcohol being converted into camphene. Haller found that, if 
the acetate of the mixture of alcohols was prepared the “stable ” 
alcohol gave a crystalhne acetate, that of the unstable alcohol 
being an oil. By the hydrolysis of these two acetates the 
corresponding alcohols could bo obtained. 

The “stable” alcohol, a-camphol, was, when prepared from 
d-camphor, identical in all respects with natural d-borneol from 
Dryobalanopa aromatica, that derived from Z-camphor being 
similarly identical with Z-borneoI. The unstable alcohol, 
j3-camphol, i»9ocampliol or i^oborneol, was considered by Haller 
to be a stereoisomeride of borneol. d-Camphor gave Z-i^oborneol, 
m.p. 212°, —33*11°, whilst Z-camphor gave the optical 

enantiomorph, d-i^oborneol. Borneol and Z.soborneol had very 
similar properties; the latter alcohol was the more soluble and, 
although both alcohols gave on dehydration camphene, the 
elimination of water from isoborneol took place much more 
readily. 

The view that borneol and isohoriieol had the same structure 
and that they were stereoisomerides was generally held at this 
time and was supported apparently by the fact that, although 
the percentage composition of the mixture might vary, any 
reaction which led to the formation of the one alcohol always 
gave the other. Thus Bertram and Walbaum"^ found that iso- 
borneol could be prepared very conveniently by the hydration 
of camphene with sulphuric-acetic acid mixture, little bornyl 
acetate being obtained, and Beckmann^ showed that the per¬ 
centage composition of the mixture of borneol and Z^oborneol, 
resulting from the reduction of camphor with sodium in neutral 
or in alcoholic solution, was dependent upon the temperature of 
the reaction and the quantity of sodium employed. Since the 
two alcohols were apparently the secondary alcohols corre¬ 
sponding to camphor, it followed, adopting Bredt’s formula (I) 

J, pr, Chem, 1894 [ii], 49, 1. 
t Ibid, 1897 [ii], 65, 31. 
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for the latter, that they must be the stereoisomerides rep^sented 
by (II) and (HI). 
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The first suggestion that borneol and i«soborneol were structural 
and not stereoisomerides would appear to have been due to 
Wagner."^ For the reasons which have been given on p. 284 he liad 
advanced for camphene the formula represented by (IV), and 
since i^oborneol was not only very readily prepared from this 
hydrocarbon, but could also be very readily dehydrated to it, he 
suggested that it was the tertiary alcohol (V), a molecular 
rearrangement having occurred in the reduction of cam])hor. 


CH 3 


-OH- (Y 

H,C- 


C:CH, 
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H.C-CH- 
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-CH- 
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The following considerations appeared to support this con¬ 
clusion. Semmler^ found that iaoborneol on treatment with 
zinc dust behaved like a tertiary alcohol, yielding a saturated 
hydrocarbon, , identical with uocamphane. The so-called 

camphene hydrochloride, actually wobomyl chloride, could be 
prepared by the action of hydrogen chloride on either camphene or 
i^oborneol. Subsequent investigations have, however, shown the 
conclusions drawn from these experiments to be incorrect. Much 
of the evidence has already been discussed in detail, so that only 
very brief reference to it will be necessary here. 

Lipp* had pointed out that Semmler’s reduction of Mobomeol 
to i^ocamphane need not be regarded as a direct reduction of an 
alcohol to a saturated hydrocarbon, since it was not improbably 

* J* Ru»s, Phye, Chem» 80 c. 1899 , 31 , 680 . 

^ Annakn^ 1911 , 388 , 268 . 


t Bex, 1900, 33, 774. 
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preceded by a preliminary deliydiation to camphene which was 
then reduced. This intei*pretation of Semmler’s experiment he 
confirmed,^ and showed that if the zinc dust be perfectly dry only 
camphene and no i^ocamphane is produced, a similar change 
being brought about by other dehydrating agents such as silica- 
gel, alumina or animal charcoal. Further, two isomeric tertiary 
alcohols, camphene hydrate and methyl camphenilol, which 
undoubtedly have structure (V), have been prepared, the former 
by Aschan by the action of milk of lime on bornyl chloride (see 
p. 317), and the latter by Moycho and Zienkowski by the action 
of methyl magnesium iodide on camphenilone (p. 289). The true 
camphene hydrochloride (VI) has been described by Aschan 
(p. 307) and has been shown by Meerwein and van Emster to be 
tautomeric with bornyl and i^obornyl chlorides (p. 347). Kenyon 
and Priston^ pointed out that i^oborneol must be a secondary 
alcohol, since it reacts readily with phthalic anhydride to give a 
hydrogen phthalate, a reaction which is known not to occur 
with tertiary alcohols. Finally, attention may be directed to 
the important observations of Meerwein and his collaborators, 
who have shown very conclusively that borneol, isoborneol and 
camphene hydrate are, like the corresponding chlorides, true 
tautomerides (p. 347). It would therefore appear to be rigidly 
established that borneol and i^'oborneol are stereoisomerides and 
that they must be the two secondary alcohols represented by (II) 
and (III), although there has been considerable controversy over 
the precise allocation of configurations. The ready dehydration 
to camphene, which is shown by i^oborneol, was once thought* 
to indicate for this isomer the endo-structure (II), in which the 
hydroxyl group, being on the opposite side of the cycZohexane 
ring to the bridge, is in closer proximity to the hydrogen atom 
on Cg than is the case for the ea?o-structure (III). This view, which 
was contrary to the conclusions reached by Vavon and Peignier * 
from a determination of the rates of hydrolysis and formation of 
the esters of borneol and i^obomeol, has been rendered incon¬ 
clusive by the recognition of the frequent occurrence of trans- 
elimination in such dehydrations," but has nevertheless been 

♦ Annalen, 1930, 480. 208. t y.C./Sf. 1925,127, 1472. 

^ Lapp, Aniialen, 1930, 480, 29B. 

* BiM. Soc. chim. 1924 [iv], 85, 925; 1926 [iv], 39, 924. 

<1 Compare the stereochemistry of the menthols, Vol. i, p. 238. 


23-2 



856 CAMPHANE, i^OCAMPHANE 

supported by Alder and Stein* from the results of their experi¬ 
ments on the stereochemistry of products formed by the diene 
reaction. These authors have shown that the ester of endo- 
norcamphane-2-carboxylic acid (VII) on treatment with sodium 
methoxide gives the ester of the ea;o-acid (VIII); from these acids, 
by the Hofmann and Curtins degradations, the corresponding 
norbornylamines (IX) and (X) are formed,^ both of which, on 
treatment with nitrous acid, give the same alcohol, ^-norborneoL 
This is assumed to be the erro-compound (XI) by analogy with 
the change of the ewdo-acid (VII) into the more stable ea;o-form 
(VIII). The stereoisomeric emio-alcohol, oL-norborneol (XII), is 
obtained by the catalytic reduction of norcamphor,* and since 
this is much less resistant to dehydration than j8-norborneol, it 
is concluded that a-norborneol is configurationally related to 
i^oborneol, and ^-norborneol to borneol.* 


i: 




..COgH 


Hoi 


Ah. 


..NHj 


Ah. 


..OH 

''H 


H.c— Ah —CH, H.c— Ah —CH, H.c— Ah—ch, 

(XII) 




This assignment of an e?id^o-structure to i^oborneol is also 
advocated by Bode" on the basis of molecular refraction measure¬ 
ments, but other physico-chemical evidence appears to point in 
the other direction; Komppa and Nyman’ for example, from the 
degree of association in benzene solution, take the opposite view, 

« Anruden, 1934, 514, 211; 1936, 525, 183. 

^ Komppa and Beckmann, ibid. 1934, 512, 172. 

♦ This fact, in the light of the known mode of addition of hydrogen in the catalytic 
reduction of the bicyclohejptme system, also supports the enc^-configuration for 
a-norbomeol. 

• It should be noted, however, that whereas i^obomeol on dehydration yields 
camphene, a-norbomeol gives Tiorbornylene, 

•I Ber. 1937, 70, 1167. 

5 Ikid. 1936, 60, 334. 
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which is also shared by Hiickel/ Furthermore, the Vavon and 
Peignier suggestion is strongly supported by evidence of a purely 
chemical nature which has been provided by Asahina and Sano.^ 
Reduction of ketodihydroteresantalic acid (isoketopinic acid) 
(XIII) with sodium and alcohol gave mainly the eiido-hydroxy- 
acid, A-di^-iT-apoborneol-l-carboxylic acid (XIV), m.p. 278®, which 
was readily separated from the ea;o-isomer, since the latter was 
present in the form of its lactone (XV), m.p. 191® (see p. 269). The 
hydroxy-acid (XIV) was then acetylated, and converted by the 
Rosenmund procedure through the acid chloride into the alde¬ 
hyde (XVI), the semicarbazone of which, on reduction with 
sodium ethoxide under the Kishner-Wolff conditions, gave 
d-borneol, which must therefore have the endo-structure (II).* 
A more recent chemical proof by Toivonen, which leads to the 
same conclusion, is referred to on p. 362. 



In the opinion of the writers, it is doubtful whether all 
the assumptions made by Alder and Stein are justified, and the 
balance of evidence certainly favours the assignment of the 
e^ido-structure (II) to borneol. 

A synthesis of borneol has been described by Alder and 
Windemuth.* The condensation of 1:5:5-t^imethyl-A^•®-c^/cfo- 

■^ Annalen, 1930, 477, 157; Die Chemie, 1942, 56, 227. 

^ Ber. 1936, 69, 343; compare Asahina and Ishidate, ibid. 1935, 68, 555. 

* A control experiment showed that i^obomeol would not be isomerised to borneol 
under the conditions employed. 

« Anmlm, 1939, 548, 41. 
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pentadiene (XVII) with vinyl acetate gives a mixture of dehydro- 
bornyl (XVIII) and dehydroepibornyl (XIX) acetates, which on 
reduction and saponification yields dZ-borneol, m.p. 204° (II), and 
dZ-epiborneol (XX), m.p. 175-176°, which are separated by 
fractional crystallisation of their li:5-dinitrobenzoates, m.j). 154- 
155° and 105° respectively. 
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The complete rational synthesis of borneol follows also from 
that of camphoric acid and camphor (p. 382). According to 
Achmatowicz* an isomeric borneol, endoborneol, m.p. 186°, b.p. 
203-204°, phenylurethane, m.p. 138-139°, is obtained when bomyl 
acetate, prepared by the acetylation of borneol in the presence 
of either sulphuric acid or zinc chloride, is hydrolysed (compare 
p. 329). Its relationship to borneol and isoborneol has not been 
determined; it is most unlikely to be a new stereoisomer, since 
apart from i^obomeol no other stable stereoisomer of borneol 
would be expected to exist. It must be mentioned, however, that 
this diiBRculty was avoided by Krestinski^ by the assertion that 
whilst endoborneol is a true stereoisomer of borneol, i^oborneol, 
♦ Roez. chem, 1926, 6, 804. t Chem, Buss, 1937, 7, 416, 423. 
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as originally postulated by Wagner and by Semmler, is a 
structurally isomeric tertiary alcohol, formulated as 1 -hydroxyi^o- 
camphane. For the reasons mentioned on p. 355 this supposition 
cannot be accepted and it has also been disproved by Lipp and 
Knapp,^ who have prepared l-hydroxy^50camphanc, and shown 
it to possess properties quite different from those of i^oborneol. 

Borneol can be most readily identified and distinguished from 
i, 5 obomcol by the preparation of the ^-nitrobenzoate, m,p. 137°J 
Aschan * has devised a method for distinguishing between borneol, 
i^oborneol and cam phene hydrate. The alcohols are dissolved in 
acetic acid and after the addition of sulphuric acid (50 ])er cent.) 
the solution is boiled for a few seconds. On cooling the solution 
containing borneol, the alcohol crystallises unchanged, the iso- 
borneol solution becomes milky at 10°, but clarifies at l8*-20°, 
whilst that containing camphene hydrate gives two layers owing 
to its rapid dehydration to camphene. 

Borneol crystallises in the hexagonal system and has an odour 
resembling that of cami^hor, although somewhat sharper. The 
d- and i-forms melt at 208-5°, b p. 212°, the dl- has m.p. 210*3°. 
The optical rotatory power of the two alcohols in toluene solution 
was determined by Pickard and Littlebury * who, in agreement 
with Haller," found it to be [a]^) ± 37*92° (c = 11*5). The rotatory 
dispersion of borneol and of a large number of its esters has 
been studied with great care by Pickard and his collaborators.^ 
According to Hantzsch,’^’^ borneol shows a very weak absorption 
in the ultra-violet region of the sjiectrum. 

The most convenient methods for the preparation of borneol 
have been referred to already. It is obtained mixed with iso- 
borneol when bornyl magnesium chloride is oxidised either with 
dry air or oxygen.According to Vavon and Berton,** approxi¬ 
mately equal quantities of borneol and isoborneol are formed in 

♦ Ber, 1940, 73, 915. 

f Henderson and Heilbron, Proc, C.S, 1913, 29, 381. 

* Annqlen, 1915, 410, 230. » J.C,S, 1907, 91, 1973. 

It Ann* Chim* 1892 fvij, 27, 424. 

5 J,C,8 1916,107, 35; 1926,127,1472; compare Darmois, Ann. Ch%m. 19111 viii], 
22, 646; Mingum, ibid. 1915 [ixj, 3, 368; Tschugaev, Bull. Soc. chim. 1913 fivj, 18, 
793; McAlpme, J.C.S. 1932, pp 643, 912; Huckel and Kaluba, Annalen^ 1942, 660, 
269. Ber. 1912, 46, 663. 

++ Hesse, Ber. 1906, 39, 1128; Houben, ibid. p. 1701; Barbier and Gngnard, Bull 
Soc. chim. 1910 [iv], 7, 344. 

^ BuU. Soc. chim. 1926 [iv], 88, 218. 
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this reaction, very little racemisation occurring. If the tem¬ 
perature is allowed to lise during the oxidation, the yield of 
i^obomeol is diminished. Borneol can be obtained also by the 
electrolytic reduction of camphor.’^ For the purification of the 
alcohol and for its separation from i^oborneol various methods 
have been used. Pickard and Littlebury^ removed the i^obomeol 
by digestion of the mixture with zinc chloride in benzene solution, 
when this alcohol was dehydrated to camphene, and the borneol 
was then purified through its crystalline hydrogen phthalate. If 
no solvent and a high temperature are used, then borneol is also 
attacked by the zinc chloride yielding a mixture of an ether, 
(CioHi 7 ) 20 , m.p. 43-44°, and a diterpene, C 20 H 32 , b.p. 168-169°.* 
Clark and Read* have applied the method which was successful 
in the menthol series." The crude d-borneol is converted into its 
sodium derivative and condensed with chloroacetic acid to give 
a crude d-bornoxyacetic acid, from which, via the acid chloride, 
d-bornyl d-bomoxyacetate, m.p. 72°, ■f 63-3° (in chloroform) 
is prepared after purification by crystallisation. On saponifica* 
tion this gives pure d-borneol and pure d-bornoxyacetic acid, 
m.p. 76°, -f-59-l° (in alcohol);^ the acid may then be used 

again. This procedure could also be applied to the resolution of 
large quantities of d^Z-borneol. 

d-Borneol is not attacked by any of the ordinary reducing 
agents, but in the presence of an alumina-nickel oxide catalyst 
at 215-220° and a hydrogen pressure of 110 atmosyfiieres it yields 
VimcampJiane, the reduction being preceded by dehydration.’^’^ 
With a copper oxide-nickel oxide catalyst under similar condi¬ 
tions only camphene is formed. 

Characteristic of borneol is the facility with which it is oxidised 
to camphor. This oxidation can be effected by distillation over 
copper,** by passage of the vapour over Raney nickel at 350°,** 
by the action of oxides of nitrogen or by treatment in light 

* Tafel and Schmitz, Z. JSlektrochem. 1902, 8, 288. t j,c.S. 1907, 91, 1973. 

* Ikeda, Sci, Pap, Inst, Phys. Chem, Res, Tokyo, 1927, 7, 47. 

8 J.C, 8 , 1934, p. 1773. n Vol. i, p. 243. ’ 

9 Almost identical physical constants, apart from the change in sign of rotation, 
were observed for the Z-series. 

♦♦ Ipatiev, Ber. 1912, 45, 3207. 

++ Alby and Brustier, BvU, 80 c, chim, 1911 [iv], 9, 733; Neave, J,C, 8 , 1912,101, 
513; Masumoto, Mem, CoU. Sci, Kyoto, 1925,9, 219; Christenson, Gilbert and Bocek, 
J, Amer, C,S. 1938, 60, 2331. 

Kutovski and Muliar, J, Appl, Chem. R% 88 . 1941,14, 173. 
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petroleum solution with ozone. With concentrated nitric acid, 
oxidation to camphoric acid occurs, although, if a weak acid is 
used, camphor can be obtained. Oxidation with chromic acid 
proceeds in an interesting manner. By treatment with this 
reagent of the mixture of bornyl and isohornyl acetates prepared 
by the acetylation of the crude alcohol mixture resulting from 
the reduction of camphor, Schrotter’*' obtained a substance, 
CigHjgOg, which gave on hydrolysis a substance having the com¬ 
position of a hydroxy camphor, CioHjgOg. The constitution of 
this hydroxy camphor has been determined by Bredt and Goeb.^ 
By the prej)aration of an dcetyl derivative, m.p. 76-77°, and 
a seniicarbazone, m.p. 222-224°, they showed it to contain a 
hydroxy group and carbonyl group. On oxidation of the alcohol 
a diketonc, d-paradiketocamphane {5-ketocamphor), m.p. 206*5- 
207', fajj)-f 103*42°, disemicarbazone, m.p. above 262°, was 
obtained, which must be represented by (XXI), since the possible 
isomcride (XXll), derived from 6-ketoborneol (XXIII) would 
be symmetrical and could not therefore be optically active. From 
this it follows that Schrotter’s hydroxycamphor is actually d-6- 
hydroxyepicamphor (XXIV). This structure was supported by 
the fact that on oxidation no camphoric acid was obtained; on 
reduction with sodium and alcohol it gives a glycol, m.p. 233- 
234°, presumably 2: 5-dihydroxycamphane. The diketone (XXI) 
has been prepared also by the oxidation of camphor (I) with 
chromic acid (see p. 394). 
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♦ Mmatsh, 1881 , 2 , 224 . 


t J. pr. Chem, 1920 [ii], 101, 273. 
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It was evident, however, that the hydroxycamphor, m.p. 248®, 
was not quite homogeneous, since, when it was regenerated from 
either its acetyl or benzoyl derivative, it melted at 237-238®. 
In a more recent investigation, Asahina, Ishidate, and Tsuka- 
moto* have oxidised Z-bornyl acetate with chromic acid, and have 
show^n that the yjroduet, although mainly the acetate (m.p. 78®, 
of Z-6-hydroxyepicamphor (XXIV), also contains 
0-acetoxycamphor, G^ketocamphor (XXII) and l-6-aceZox?/c«m- 
phorquhione (XXV), m.p. 109®, —191®. This quinone w^as 

also prepared by direct oxidation of the acetate of (XXIV) w ith 
selenium dioxide; on further oxidation with alkaline hydrogen 
peroxide it gives A-b^hydroxycampJioric acid (XXVI), m.p. 165®, 
[a]|>“ +8® (in alcohol). 

According to Toivonen (private communication) this 5-hydro- 
camphoric acid, unlike the stereoisomer derived from i^oborncol 
(see below), readily forms a lactonic acid, to which the formula 
(XXVI a) must be assigned, since the formation of a lactone 
indicates that the hydroxyl and carboxyl groups must be on 
the same side of the cj/cZopentane ring; it follows, therefore, 
that in borneol the hydroxyl group must be trans- to the gcm^ 
dimethyl bridge, and that the alcohol consequently has the 
ewffo-structure (compare p. 357). 
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♦ JScr. 1936, 69 , 349. 
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It was originally stated that i^^obornyl acetate was resinified 
by chromic acid, but more recently Toivonen and Halonen’^ have 
shown that under carefully controlled conditions it gives products 
similar to those obtained from bornyl acetate. Thus, dl-isohornyl 
acetate gives what is probably a mixture of the acetates of dl-5- 
and dl-6’ketoi&oborneols (stereoisomers of (XXIV) and (XXIII) 
respectively), since on further oxidation, with selenium dioxide, 
dl-5:^~diketoisobornyl acetate, m.p. 103-104'^ [stereoisomer of 
(XXV)] was obtained, wliich with alkaline hydrogen peroxide 
gave dl-5-hydroxycainphoric acid, m.p. 205-207 

When borneol is oxidised with ferric chloride in ethereal solu¬ 
tion in the presence of sunlight, camphor is formed; if f.soborneol 
be similarly treated no camphor is obtained, but Puxeddu’s con¬ 
clusion^ that they must therefore have a different structure is 
not justified. 

Borneol is oxidised by chlorine to camphor both in the presence 
and absence of water; with bromine in light petroleum solution, 
however, an unstable additive compound, CioHjgO, can be 
prepared.* This derivative is decomposed immediately by either 
alcohol or alkali yielding a mixture of borneol and camphor. 
Similar unstable additive compounds are obtained also with 
hydrogen bromide and hydrogen iodide in light petroleum solu¬ 
tion. Its conversion into the bornyl halides has been discussed 
already (p. 342). 

Unlike isoborneol, borneol is comparatively stable to de¬ 
hydrating agents although, according to Aschan,* this difference 
is not so marked as is generally assumed. It is not attacked when 
warmed with zinc chloride in benzene solution nor by dilute 
sulphuric acid, but with 50 per cent, sulphuric acid a good yield 
of camphene, accompanied by some dibornyl ether, b.p. 312- 
314*^/760 mm. is obtained.” Camphene is also obtained by 
digestion with potassium hydrogen sulphate ^ by heating under 
pressure with aqueous magnesium chloride solution*^ and by 
dehydration in the vapour phase over thoria at 350°.** When 

♦ Suomen Kem, 1946,19 B, 1. + Gazzetta, 1929, 69, 69. 

* Wallach, Annalen, 1885, 280, 226. » Annahn, 1911, 383, 11. 

i> Konowalov, J, Rvss, Phys, Chem, Roc, 1900, 32, 76; Gobulov, ibid. 1912 44, 
1061. 

1 Wallach, Annalen, 1886, 230, 237. 

♦♦ Ipatiev and Pines, J. Amer. C.S. 1944, 66, 1120. 

Brus and Bruster, BtiU. Inst, Pin, 1934, p. 99. 
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borneol is fused with potassium hydroxide at 250-280° under 
pressure, ring fission occurs with the formation of campholic acid 
(XXVII)/ 


HjC- 


CH, 

-<!? — 




d: 


-COjjH 


CH, 


IH-CH. 


(XXVII) 


Borneol reacts readily with sodium to give the corresponding 
sodium derivative, the preparation of which can be carried out 
most conveniently by allowing the reaction to proceed in a 
neutral solvent. The sodium derivative can be used with advan¬ 
tage for the preparation of bornyl ethers and esters, of which a 
large number are known, and which have been used extensively 
in the study of problems in the field of optical rotatory power and 
dispersion.^ 

The bornylurethanes are not suitable for the characterisation 
of borneol, since, according to Bertram and Walbaum,* both 
bornyl and t^obornyl phenylurethanes melt at 138-139°; the 
oL-naphthylurethanes^ which w^ere prepared by Neuberg and 
Hirschberg,* also show little difference in their melting-points, 
which are 132° and 129° respectively. 

Whilst a detailed consideration of the bornyl esters lies outside 
the scope of this book, mention must be made of methyl bornyl- 
xanthate, d- and Z-, m.p. 56-57°, [a]^, + 33-69°, — 33-38°, dl-, m.p. 
28*5-29°, since on distillation it yields bornylene (see p. 324)." 
The preparation of this ester has been suggested by Tschugaev^ 
as a convenient method for the separation of borneol and iso- 
borneol, since, whereas methyl bornylxanthate on hydrolysis 
yields borneol, methyl isobornylxanthate is dehydrated to cam- 
phene. This tendency for dehydration in place of hydrolysis to 
occur is shown also by d-bornyl toluene-p-sulphonate, m.p. 67°, 
Md +26-34°, which on warming with sodium ethoxide yields 

♦ Guerbot, Compt. rend. 1909, 148, 720; Bull Soc. chim. 1909 [iv], 5, 416. 

+ Inter al, Pickard and Kenyon, J.C.S. 1915,107, 36; Kenyon and Priston, ibid, 
1926,127, 1472. 

* J. pr. Chem. 1894 [ii], 49, 5. * Biochem. Z. 1910, 27, 344. 

•I Tsohugaev, J. Buss. Phys. Chem, Soc. 1904, 36, 988. 

5 Compare Pickard and Littlebury, J.C,S, 1907, 91, 1973, 
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camphene.* d-JSomyi-j8-d-griitco5ide,m.p. 154-155°, - 15-2° 

(in alcohol) and hbornyl-^-d-glucoside, m.p. 135-136°, 
i-55‘6° (in alcohol) have been described by Lipschitz and 
Ending.^ 

According to Harazsti* thioborneol, m.p. 113°, accompanied by 
traces of thiocamphor, m.p. 125-130°, and bornyl disulphide, m.p. 
195°, are formed by the action of sulphur on bornyl magnesium 
bromide (see also p. 446). 


l^OBORNEOL 

CH3 



i6*oBorneol does not occur in nature, but since it is always formed 
together with borneol either by the hydration of camphene or 
by the action of sodium on camphor, it has been known since 
about 1859 (compare p. 350). The constitution of i^oborneol and 
its relationship to borneol has been discussed already (p. 353). 

i^oBorneoI is readily prepared by the hydration of camphene 
with acetic-sulphuric acid mixture,* the i^obornyl acetate so 
obtained yielding, on hydrolysis, an ^’^oborneol which is almost 
completely racernised." The conversion may also be brought 
about by sulphuric acid in ethereal solution, the reaction then 
proceeding with the intermediate formation of the sulphate ester; 
the use of i^oamyl ether is said to be particularly effective.’ 
A more convenient method has, however, been described by 
Vavon and Peignier,’^* who have shown that camphor, on catalytic 
hydrogenation in the presence of platinum black, gives i^oborneol 
in a yield of about 80 per cent. The separation of the optically 
pure forms of the alcohol can be carried out by the method 

Ferns and Lapworth, J.C.S. 1912,101, 278; compare Patterson and McAlpine, 
ibid. 1928, p. 2471; Huckel, Tappe and Legutke, Annalen, 1940, 643, 191. 

t Compt. rend. 1937, 206, 68. 

* J. pr. Chem. 1937 [ii], 149, 301. 

* Bertram and Walbaum, J. pr. Chem, 1894 |ii], 49, 1. 

II Beckmann, J. pr. Chem. 1897 [iij, 56, 39; Ber. 1909, 42, 491. 

5 Schwalbe and Aschan, Finsk. Kem. Medd. 1932, 40, 133; 41, 98. 

BuU. 80 c. chim. 1924 [iv], 36, 926. 
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adopted by Pickard and Littlebnry.’^ l-isoBornyl hydrogen 
phthalate was purified by the crystallisation of its i-menthyl- 
amine salt, d-i^obornyl hydrogen phthalate being separated in 
the form of its cinchonine salt. The corresponding d- and Z-alcohols 
were obtained on hydrolysis of the hydrogen phthalates, 

i^oBorneol can be best characterised and distinguished from 
borneol by the preparation of the jy-nitrobenzoate, which melts at 
129 °.+ 

Pickard and Littlcbury found d- and /-i^oboriieols to melt at 
214°, although the somewhat higher melting-point, 217°, has 
been recorded by Henderson and Heilbron. The optically active 
isohorneoh differ from the borneols, in that their rotatory power 
shows marked variations depending upon the nature of the 
solvent in which it is determined; concentration, however, has 
little effect. In ethyl acetate solution Pickard and Littlebury 
observed [ajj) 4-34*09°, —34*34°, whilst in toluene solution the 
value [aj^ -1-21*32° was found. Darmois* has made use of the 
rotatory dispersion of solutions of borneol and i^oborneol for the 
determination of the composition of mixtures of the two alcohols. 

In addition to the methods mentioned above, i^oborneol is 
obtained by any of the general methods used for the preparation 
of borneol (pp. 350-353). 

In its reactions i^oborneol resembles borneol, although the 
greater facility with which it undergoes dehydration to camphene 
causes it to exhibit slight differences. Its reduction to i^ocam- 
phane by moist zinc dust has already been commented upon 
(p. 275). This hydrocarbon is obtained also by reduction with 
hydrogen under high pressure using an alumina-nickel oxide 
catalyst, camphene being obtained with a copper oxide-alumina 
catalyst* (compare p. 276). 

i^oBomeol differs from borneol in not being oxidised to 
camphor when distilled over copper,” the oxidation proceeding 
smoothly, however, by the action of air (or oxygen) in the pre¬ 
sence of various catalysts. Owing to its technical importance, 
the catalytic oxidation of the alcohol has been very thoroughly 
studied and satisfactory results are obtained in toluene solution 

♦ J,C.S, 1907, 91, 197S. 

^ Henderson and Heilbron, Proc. C.S. 1913, 20, 281. 

» Ann. Chim. 1911 [viu], 22, 646. 

• Ipatiev, Ber. 1912, 46 , 3207. n Neave, J.C.8. 1912,101, 613. 
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by the use of an iron oxide-nickel catalyst.* It should be men¬ 
tioned that d-isohorneol gives on oxidation i-camphor, and l4so- 
borneol, (i-camj)hor. Oxidation of i^oborneol to camphor also 
occurs when the alcohol is subjected to the action of ozone, oxides 
of nitrogen, nitric acid and potassium permanganate. The oxida- 
‘tion of isoboYiiyl acetate with chromic acid has been described 
on p. 3G1. According to Ikeda and Fujita^ a ketoisobornyl acetate, 
b.j). 150-155^110 mm., semicarbazone, m.p. 187®, is formed when 
/^obornyl acetate is ozonised in acetic acid solution. On hydro¬ 
lysis, a ketoiHobomeol, semicarbazom, m.p. 227°, is obtained, but 
its constitution and relationship to the other hydroxycamphors 
(]). 427) does not appear to have been determined. 

«>oBorneol is oxidised by chlorine to camphor, whilst by the 
action of the halogen acids and phosphorus halides the i^obornyl 
halides can be prepared (p. 346). On fusion with potassium 
hydroxide it^oborneol, like borneol, yields campholic acid (see 
pi 364). 

The preparation of the esters and ethers of iaoborneol can be 
carried out very conveniently from the sodium derivative, the 
risk of isomeric change being thereby minimised. In this manner, 
Meerwein and Oerard* prepared imbornyl methyl ether, b.p. 191°, 
df 0-9250, 1-4625. 

A large number of i^obornyl esters have been described and 
liave been utilised more especially in the study of problems 
related to rotatory dispersion (compare p. 359). 


C. KETONES 


CAMPHENILONE 


HaC-CH- 


H, 


L. 


:—c<^ 

|\C! 




IH 

CH 


!H-CO 


8 

8 


Comparo Aschan, NapMenverbindungen, Terpen? und Campherarten, pp. 168- 

173. 

+ Sci, Pap. Inst, Phys, Chem, Res, Tokyo, 1927, 7, 12. 
t Annalen, 1924, 436, 174. 
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Camphenilone (III) was first separated by Wagner* during his 
investigation of the oxidation of camphene (1) with potassium 
permanganate (p. 297), and he showed also that it was obtained 
when camphenylic acid (II) was oxidised with lead peroxide. 




-cii-OHo 


CIL 


H.C 


-CH-CO 

(V) 


The formula assigned by Wagner to camplienilone was con¬ 
firmed by Komppa and Hintikka’s ^ synthesis of the ketone by 
the distillation of the lead salt of camphenic acid (IV); Diels and 
Alder* have also synthesised it by the methylation of norcamphor 
(V) with methyl iodide in the presence of sodamide. 

Camphenilone can be prepared most readily by the oxidation 
of cti-nitrocamphene (VI) (p. 312) with potassium permanganate.® 
Attention must also be directed to its formation by the ozonolysis 
of the acetate of the enolic form of camphenilanaldehyde (VII)" 
and to its preparation by Lipp’ from tricyclenic acid (VIII) 
in a somewhat unusual manner. When the amide of this acid is 
converted by Jeffrey’s method into the urethane and the latter 
fused with alkali, the amine (IX) is only obtained in a very small 
yield, camphenilone (III) and the corresponding secondary 
alcohol, camphenilol, forming the main products of the reaction. 


* J. Vhya. Chtm, Soc. 1896, 28, 64; 1897, 29,124; compare imUr al., Aschan, 
Annalen, 1911, 383, 44. 

+ Ber, 1914, 47, 1560. 

♦ Annalen, 1929, 470, 63; 1931, 486, 202. 

» Jagelki, Ber. 1899, 32, 1498; Blaise and Blanc, Compt, rend. 1899, 129, 886; 
BuU. Soc. chim. 1900 [iii], 23, 164; Komppa and Hintikka, Anmlm, 1912, 387, 294. 

i> Semmler, Ber. 1909, 42, 963; compare, however, Huokel and Hartmann, Ber. 
1937, 70, 962; Hhokel, Chem. Ber. 1947, 80, 41. 

5 Ber. 1921, 64, 1316. 
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H.C-OH- 

I 

CH, 

H.O-OH-C:CH.0.00.011 



(III) 


KMnO, 




H, 


«CH- C:V 


HNO2 


(VI) 




Campheiiilone can be most readily identified by the preparation 
of the semicarbazone, rn.p. 224"", though according to Huckel and 
Hartmann* such identification should be confirmed by analysis 
of the derivative, since a mixed melting-})oint determination may 
be unsatisfactory. 

dZ-Camphenilone, which has a strong camphoraceous odour, 
melts at 38°, b.p. 195°, 73-75°/10 mm., 0-9705, 1-469 ; 

d-camphenilone has m.p. 38-39°, b.p. 193°, 78°/12mm., fa]|/^ 
+ 70-4° (in alcohol).^ Dulou* has suggested the use of cam- 
phenilone as a solvent for molecular weight determinations, since 
it possesses the high freezing-point depression constant, K 605°. 

On reduction, the secondary alcohol, camphenilol, is obtained, 
which exists in two stereoisoraeric modifications. By the use of 
sodium and alcohol as the reducing agent, i-camphenilone gives 
hcamphenilol I, m.p. I^IT, - 23° (in alcohol), which gives 
an acid phthalate, m.p. 146-147°, —73° (in benzene) and 

a p^niirobenzoate, m.p. 96-98°, [a]|>‘' —42° (in benzene), whilst 

♦ Ber, 1937, 70, 962. 

t HOokel, Annalen, 1941, 540, 186; compare Asohan, ihid, 1915, 410, 223. 

♦ BvU. Inst, Pin, 1934, 64, 210. 

ST ii 


24 
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hydrogenation in acetic acid solution gives a product jfrom which 
may be obtained camphenilol II, m.p. 151-153*5®, [a]!?'* +3° 
(ip-nitrobenzoate, m.p. 97-99°), probably not stereochemically 
pure.* 

When the reduction is carried out with sodium in ethereal 
solution a pinacone, CigHgoOg, m.p. 134°, is formed. It has been 
suggested by Komppa and Hintikka^ that this is a mixture of 
the two isomeric pinacones, m.p. 173-173-5° and 172*5-173°, 
which were prepared by Moycho and Zienkowski* by the action 
of sodium and amyl formate on the ketone. Camphenilol reacts 
with phosphorus pentachloride to give camphenilyl chloride, m.p. 
54°, b.p. 70-76°/15 mm.* It appears from the work of Komppa 
and Nyman" that this chloride is not a true derivative of cam¬ 
phenilol, but probably consists mainly of apobornyl chloride (X), 
rearrangement having occurred during its preparation, similar 
to that observed with camphene hydrochloride; on saponifica¬ 
tion, it gives a mixture of camphenilol, apoborneol (a-/encAo- 
camphorol, p. 542), and p-feitchocamphorol,^ and, on treatment 
with sodium phenoxide, apobornylene (XI) is obtained. If, on 
the other hand, the hydrogen chloride is removed by treatment 
with aniline, the product is a mixture of santene (XIII) and 
apocyclene (p. 331 ).’^^ Since ordinary apobornyl chloride has not 
been found to give santene on treatment with aniline,^^ this would 
appear to indicate that the production of santene, possibly 
through the intermediate formation of camphenilyl chloride 
(XII), can only occur from the other stereoisomeric form of 
apobornyl chloride. A similar instance has been encountered in 
the formation of a-methylsantene, which can be obtained by the 
dehydration of a-fenchyl alcohol, but not from the stereoisomeric 
j8-alcohol (see p. 536). Reference has already been made (p. 246) 
to the formation of santene by dehydration of camphenilol with 
potassium hydrogen sulphate, 

Hiiokel and Tappe, Ber, 1936, 69, 2769; compare Komppa and Beckmann, 
Ann^len, 1936, 522, 137; Huokel, ibid. 1941, 549, 186. 

+ AnnaUn, 1912, 887, 294. < Ibid. 1906, 340, 66. 

* Jagelki, Ber, 1899, 32, 1603; Hintikka and Komppa, Annahn, 1912, 387, 294; 
Bull. Soc. chim. 1917 [iv], 21, 14. H Ber. 1936, 69, 1813. 

5 A similar mixture is obtained when camphmilylamine is treated with nitrous 
acid (Komppa and Komppa, Ber. 1936, 69, 2606). 

** Gratton and Simonsen, J.0.8, 1936, p. 1621. 

Komppa and Hasselstrom, Annalen, 1932, 497, 116. . 
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H^C-CH-CH 
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H.C.C.CH, 


HgC 
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H-CH 


(XI) 

-CH- 

HgC—in—C.CH3 
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Camphenilone is extremely resistant to oxidising agents 
although, according to Nametkin,^ it yields isocamphoronic acid 
on digestion with dilute nitric acid. Fission of the dicyclic ring 
can, however, be effected either by the action of sodamide in 
benzene solution^ or on fusion with potassium hydroxide,* when 
^-dihydrocamjyhoceenic acid (XIV), b.]). 140-141°/15 mm., df?* 
0-9820, rijy 1-4566, or with the first reagent, the amide, m.p. 168®, 
is obtained. The latter has been synthesised by Bouveault and 
Blanc.® 



CH, 




KOH 


(III) 


H,C-CH-CH 

in, 

H,C-in.CO.H 


/CH, 

N)h, 


(XIV) 


Camphenilone reacts with phosphorus pentachloride in chloro¬ 
form solution to give a dichloride, m.p. 174®," from which, by the 
action of sodium, apobornylene and apocyclene can be obtained 
(see p. 331). 

Campheniloneoxime (XV), which was first prepared by 
Wagner^ and subsequently by other investigators,^^ melts at 
105-107®, b.p. 128-129®/14mm.; the d-form has m.p. 123®, 

-f 160® (in benzene).** On digestion with dilute sulphuric acid it 

« Annalen, 1924, 438, 193. + Sommler, Her. 1906, 39, 2580. 

* Hintikka, AnnaL Acad. Sci. Fmnicae, 1913, III A, 9, 1. 

8 CompU rend. 1908,147, 1315. 

I Moycho and Zienkowski, Annalen, 1905, 340, 56; Hintikka and Komppa, 
Annalen, 1912, 387, 294; Komppa and Roschier, ibid, 1922, 429, 175. 

1 J. Buss. Phys, Chem. Soc. 1896, 28, 76; Bull. Soc. chitn. 1896 fiii], 16, 1837. 

Compare Komppa, Annalen, 1909, 366, 76. 
tt Hiickel, Annalen, 1941, 549, 186. 
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yields, in addition to camphenilone, the nitrile of camphoceenic 
acid (XVI), b.p. 85-90°/10 which gives on hydrolysis the 

corresponding acid^m.'p, 54^^. This nitrile also results in a some¬ 
what better yield when the oxime is Avamied with acetyl chloride, 
some campheniloneisooxhne (XVII) being formed simultaneously. 




thc- 


-cii-r. 
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H.C-OH- 
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(XV) 


(XVJ) 


Camphtnilonehydrazone, m.p. 27-28®, b ]). l()3'’/8mm., fajfj 
4 223° (in alcohol), on reduction with sodium ethoxide gives the 
saturated hydrocarbon camphenilane (p. 278), whilston oxidation 
with mercuric oxide in alcoholic alkali it gives apocyclene 
(XVIII), m.p. 42°. 

Reference has been made already (p. 317) to the action 
of methyl magnesium iodide on camphenilone, when methyl- 
camplienilol is obtained. The corresponding phenyl derivative, 
phenylcamphenilol (XIX), b.p. 122°/4mm., has been preymred 
by Aschan^ and by Bredt-Savelsberg* by the action of phenyl 
magnesium bromide on the ketone. On dehydration it yields a 
tricyclic hydrocarbon, b.p. 96-97°/5 mm., 1*0060, 

1*5471, which is probably represented by (XX). 



(XVIII) 



(XIX) 



(XX) 


♦ Jagelki, Ber, 1899, 82, 1505; Blaise and Blanc, Compt rend. 1899, 129, 888; 
BuU. Soc. chim 1900 [m], 23, 174; Semmler, Ber 1909, 42, 249. 

+ Anmlen, 1915, 410, 223. 

» Ber. 1923, 66, 554. 
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CAMPHOR 
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HoC-C-CO 




H,C-(^H —( 


The dicyclic* ketone, camphor, CioHigO, which does not occur very 
widely distributed in nature, lias been found in the 1- and dl- 
forms. The main source of rf-cam]>hor is the wood of the tree, 
Cinnamomum camphora Noes, which is found from Cochin-China 
to Shanghai and in the islands from Hainan to Southern Japan, 
that is between 10' to 34'^ North Latitude. The most extensive 
forests are those in Formosa, where the climate is moist and 
tro])ical to subtrojiical. It has been successfully cultivated in 
India, Burma, Ceylon, the Malay States, Java, Australia, East 
and South Africa, Italy, Algiers, Florida, California, Brazil, the 
West Indies, Mauritius and Madeira. Although camphor was 
obtained originally from China, the main source of natural 
camphor is now Formosa. Camphor is present in all parts of the 
tree and, whilst the percentage is highest in the trunk, it has been 
suggested that the leaves might in certain cases also be utilised.”^ 
/-(^am])hor has been separated from the oil prejiared from the 
leaves of Blumea balsainifera and also from the oils of Artemisia 
tridentata and Lavai}dula pednnculaia,*^ whilst ^/-camphor has 
been obtained from the oil of Chrysanthemum sinense var. 
japonicum. 

Owing to the ease with which it can be isolated and to its 
remarkable properties, cani})hor has been known and valued for 
medicinal purposes in the Far East (China and Japan) from the 
earliest times. It is not referred to in Greek or Roman literature 
and it would appear to have been introduced into Europe by the 
Arabs under the name Kdfdr (from the Sanskrit Kapura, meaning 
‘‘white ”). The true Chinese camphor was for a long time confused 
with borneol, borneocamphor, which was obtained from Sumatra 

Compare inter al., Howard, Robertson and Simonsen, Ind, For, Rec, 1923, 9, 

307. 

t Adams and Oakberg, J. Amer, C,S. 1934, 56, 457; Gattefosse and Igolen, 
Compt, rend. 1942, 214, 885. 
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and wlvich was considered to be of greater medicinal value. In 
the^^^est, much confusion also reigned as to the source of 
^?imphor, and it was at one time considered to be a mineral 
resin. 

In view of its medicinal value the action of various reagents 
on camphor was studied by the alchemists. Thus Libavius’^ refers 
to the solution of camphor in nitric acid and Kosegarten^ pre¬ 
pared by the action of this reagent an acid, which was un¬ 
doubtedly camphoric acid. Robert Boyle* observed that camphor 
could be precipitated unchanged from solution in suli)huric acid. 
In the determination of the origin of camphor the analysis carried 
out by Lavoisier was of great importance, since he showed that 
it contained only carbon, hydrogen and oxygen. The composition 
and the molecular weight were first determined by Dumas® and 
by Blanchet and Sell," who showed it to have the formula 
Prior to this its physical constants had been determined with 
some accuracy, whilst Biot^ had observed that its vapour was 
optically active. Some years later cam 2 >horic acid and camphoric 
anhydride v^ere shown to have the formulae CioHie 04 and 
CjoHigOa respectively.*"^ In 1841 Pelouze** made the very im¬ 
portant observation that borneocamphor, borneol, which had the 
formula CioHjgO, gave on oxidation ordinary camphor. This was 
confirmed by Gerhardt,** who suggested that camphor was the 
aldehyde corresponding to the alcohol borneol. Two other 
observations, which were later to become of considerable im¬ 
portance, were made at this time by Delalande,*® who found that 
by distillation over lime camphor gave campholic acid, whilst 
on treatment with dehydrating agents, such as zinc chloride or 
phosphorus pentoxide, ^-cymene was obtained. 

The experiments referred to above were all carried out with 
d-camphor, the laevorotatory form being first separated in 1848 

* AUhymiat 1596. 

+ Dissertatio de Camphora et partilms quae earn constituuntf 1786. 

* The Origin of Formee and Qualities^ 2nd ed. 1667, Section ii, p. 183. 

* Ann, Chim, 1833 [ii], 48, 430; Annaltn, 1833, 6, 246. 

Annaden, 1833, 6, 302. 

1 Him, de VAcademies 2,114; 18, 144. 

Malaguti, AnnaUn, 1837, 22, 32; Liebig, ibid. p. 60; Laurent, ibid. p. 136. 

J. Pharm. 1841, 26, 646; Anmden, 1841, 40, 328. 

** Anruden, 1843, 46, 29. 

« Ibid. 1841, 88, 337. 
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by Dessaignes and Chautard* jfrom the oil of Matricaria Par- 
thenium L. 

Gerhardt’s suggestion that camphor was the aldehyde corre¬ 
sponding to borneol received apparent support from the experi¬ 
ments of Berthelot/ who showed that, when it was heated in a 
sealed tube at 180-200° with an alcoholic solution of sodium 
hydroxide, borneol was obtained, whilst in addition an acid, 
“camphinic acid’’, was formed. To this acid Berthelot erro¬ 
neously gave the formula CioHje 02 , and he regarded the reaction 
which had occurred as a Cannizzaro reaction, analogous to the 
conversion of benzaldehyde into benzyl alcohol and benzilic acid. 
Pollens and Fittig* and WeyP considered that camphor was 
probably a ketone, since it was not oxidised by chromic acid to 
^an acid having the formula C 10 H 16 O 2 , nor could it be reduced 
readily. This latter argument, however, lost its force when 
Baubigny" showed that it could be reduced with sodium in 
alcoholic solution. Direct evidence of the presence of a carbonyl 
group was lacking, and in 1870 Meyer ^ and Hlasiwetz suggested 
the possibility of its being an oxide. 

The Meyer formula (I) and the Hlasiwetz formula (II) mark an 
epoch in the history of the chemistry of camphor. As will be 
obvious, they are based on the Kekule benzene formula, and are 
an attempt to correlate the constitution with that of cymene 
(III),^^ into which it can be converted by the action of dehydrating 
agents. 


CH, 

CH, 

h,(5^h. 


i 

Y 


h<Ah 

H Y 

^ 0H> " 

Hd IjH " H.d (IjH. 

Y 

Y 

Y 

(w. 


h,(5Y)h, 

(I) 

(III) 

(II) 


* J. Pharm. 1848 [iii], 13, 241; Compt, rend, 1853, 37, 166. 

t Anncdm, 1869,110, 367. * Ihid, 1864,129, 371. 

* Ber. 1868,1, 94. » C(mpU rend, 1866, 63, 221. 

5 Ber, 1870, 3, 116. ♦♦ Ibid. p. 539. 

The actual constitution of p-cymene was not known at the time (see Vol. i, 
p. 145). 
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In the following years a great variety of formulae (more than 
thirty)* were suggested for camphor and camphoric acid, but 
since these are now only of historic interest it would be of little 
value to discuss them in detail. It is doubtful if, in the whole 
range of organic chemistry, any two substances have been the 
subject of such intensive study, and the difficulties encountered 
in the determination of their constitution has been due mainly 
to their tendency to undergo intramolecular rearrangements. 

In 1893 Bredt suggested that the majority of the reactions of 
camphoric acid could be sini])ly explained, if the acid were the 
cj/rZopentanc acid (V), when camphor would be represented by 
(IV). Although the subsequent synthetical investigations of 
Komppa and of Perkin and Thorpe have shown Bredt’s formulae 
to be correct, they did not receive general accey)tance and various 
modifications were proposed. Amongst these the most important 
were due to Tiemann^ (VI), Perkin* (Vll) and Perkin* and 
Bouveault" (VllI). 


HgO- 


0 II« 

i- 


H«C 


H,C 

-in— 


-CO 


CH, 


(IV) 


H,C.CH—CH-CO 

in, 

”’%C--CH. 

H.C/ (VI) 


H.' 


CH, 

' -C.COjH 

H.C-I^H.COjH 

(VII) 


CH, 

-i.COjH 

H.C.i.CH, 

n,C-iii.co.H 

(V) 

CH, 

-i.COjH 

iH.COjH 

H.!!—in. 


(VIII) 


* A full account of the early formulae assigned to camphor has been given by 
Aschan in his monograph Die Constitution des Camphers und seine wichtigsten 
Derivative. The followmg are some of the most important references in the literature: 
Kachler, Annalen, 1872,164, 92; 1873, 169, 185; Wreden, Ber. 1872, 6, 766,1106; 
1877,10, 714; Bruylants, ibid. 1878,11,461; Armstrong, ibid. p. 1698; Armstrong and 
MiUer, ibid. 1883,16, 2260; Kanonnikov, J. Russ. Phys. Ghem. 8oc. 1883,15, 469; 
Bredt, J, pr. Chem. 1886 [ii], 32, 611; BrOhl, Anmden, 1888, 226, 261; Collie, Ber. 
1892, 25, 1114. 

+ Ber. 1896, 28, 1079. 

* J.C.S. 1898, 78, 796. 

* Ibid. 1898, 73, 819. 

II Bull. Soc. chim. 1897 [iii], 17, 990. 
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It will be as well to summarise here the conditions which must 
be satisfied by any constitutional formulae for camphor and 
camphoric acid. 

(i) Camphor has the composition CioHjgO and camphoric acid, 

CioHig 04 , is a dibasic acid. 1 / 

(ii) The molecular refractions of cam])hor and camphoric acid 
show ihem to be saturated, from which it follows that camphor 
must be dicyclic and camphoric acid monocyclic.’^ 

(iii) Cam]:)hor and camphoric acid are both optically active 
and must therefore contain one centre of asymmetry. The Bredt 
formula for camplioric acid contains two such centres and both 
are jjresent in camphor. For reasons to bo discussed later (]). 384) 
the ketone can exist in only two o])tically active modifications. 

(iv) Camj)hor is a ketone; (a) it gives an oxime^ and a semi- 
car])azone,* and (6) it can be reduced with sodium and alcohol to 
the corresponding secondary alcohol, borneol. 

(v) ram})hor contains the grou))ing —CHg- FO—, since it 
yields (a) on treatment with i^oamyl nitrite, isonitrosocamp/ior, 

.00 .CO 

CgHiZ I ; (i) a hfdroxymethyUne derivative," | ; 

NJ:N()H ' ^ ^ ^ \C:CH0H 

and (c) on oxidation a dibasic acid, camjfiioric acid, 

in which the two carboxyl groups are not similarly situated, 
since two different series of hydrogen esters can be prepared. 

(vi) Camphoric acid has only one hydrogen atom in the 
a-position to the carboxyl groups, since on bromination it yields 
a monobromo-acid.^ 


CO-H 


^COgll 


(vii) Camphor must contain the grouping 


-L 

i- 


-^0 


4h- 


since its 


CH. 


sodium derivative (IX) yields with cyanogen cyanocamphor (X), 
and from this by hydrolysis homocamphoric acid (XI) can be 


Kanonnikoy, J. pr, Chem, 1885 [ii], 32, 503; Briihl, Ber, 1891, 24, 3701. 
+ Nkgeli, Ber. 1883,16, 497. * Tiemann, ibid. 1895, 28, 2191. 

• Olaisen and Manasse, Anncden^ 1893, 274, 79. 

II Claisen, Bishop and Sinclair, ibid. 1894, 281, 314. 

5 Aschan, Ber. 1893, 26, 1640. 
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prepared.*^ The constitution of the latter is proved by its synthesis 
from oL’Campholide (XIII), a reduction product of the anhydride 
of camphoric acid (XII).^ Now homocamphoric acid gives on 
bromination a monobromo acid (XIV), from which by treatment 
with alkali hydrogen bromide can be eliminated with the forma¬ 
tion of dehydrohomocamphoric acid (XV). Utilising the Bredt 
formulae for camphor and camphoric acid, these reactions are 
illustrated in the following scheme and establish conclusively the 
presence of the grouping shown in the skeleton formula given at 
the head of this section. 


V/X13 


n .CH, -► 

H—CH.CN H, 


HjC.C.CH, 
t (XI) 


I \ -► I \ KCN I 

H.C.C.CH, 0 2H, 0 -► H.C.C.CH, 

-d-H— do H,(>— Ah —c^, H,c—— Ah.cHj.cn 


H,c—A h— do 


H,C-C.COjH 

HjC.A.CH, 

h,A—Ah.ch,. 


C!O.H H, 


CH, y OH, 

C -A— —CO,H H,C- A— —CO,H 

I KOH I 

H,C.C.CH, —► HjC.C.CH, 

,C—AH.CHBr.COjH H,C—A:CH.CO,H 

(XIV) (XV) 


H.C.C.CH. 


H,C-CH—CH, 

(IV) 


H,C.A.CH, 

I,C- ABr.OO,i 

(XVI) 


* Haller, Crnnpt. rend. 1889 , 100, 68 , 112 ; 1896 , 188, 446 . 
t Haller and Blano, ibid. 1900 , 180, 376 . 
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It will be observed that the hydrogen atom which is eliminated 
as hydrogen bromide from the monobromo acid (XIV) in the 
formation of dehydrohomocamphoric acid (XV) is the same as 
that which is substituted in the preparation of bromocamphoric 
acid (XVI) (see under (vi) above). It should be mentioned that 
by the distillation of the calcium salt of homocamphoric acid (XI) 
Haller* prepared camphor (IV). 

(viii) By the oxidation of either camphor or camphoric acid 
with nitric acid the tribasic acid, camphoronic acid, C 9 H 14 O 6 , is 
always obtained. Tliis acid has been prepared synthetically by 
Perkin and Thorpe^ and has been shown to be xonP-trimethyl- 
tricarballylic acid (XVII), as had been suggested by Bredt.* This 
suggestion of Bredt was the foundation of his formula for 
camphoric acid, and it was based essentially upon the fact that 
camphoronic acid on distillation at the ordinary pressure decom¬ 
posed, yielding tsobutyric acid (XVIII), trimethylsuccinic acid 
(XIX) and carbon dioxide. 


CH3 


CH, 

H,C- i -CO,H 

H 

Hi.COjH 

h,c.(!:!.ch, —. 

HjC.i.CH, 

+ HaC.i.CH, 

H0,C io.H 

iojH 

io,H 

(XVII) 

(XVIU) 

(XIX) 


It follows from the formation of camphoronic acid that 
camphor and camphoric acid must contain the skeleton (XX). 
The recognition by Bredt of the correct formula for camphoronic 
acid was of fundamental importance, since it showed for the first 
time that the isopropyl group, appearing in such degradation 
products as jp-cymene, formed part of the ring structure of the 
parent ketone. 



(XX) 


* Compt rend. 1896, 128, 446; compare Bredt and Rosenberg, Anruden, 1896, 
289,1; Komppa, Ber, 1908, 41, 4470. 

t J.aS. 1897, 71, 1169. * Ber. 1893, 28, 3047. 
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(ix) Distillation of the calcium salt of homocamphoric acid 
yields camphor (see (vii) above); camphoric acid must therefore 
be a derivative of either glutaric or adipic acid, since, if it were 
a succinic acid derivative, a ring ketone would not be formed. 
It is in all probability a substituted glutaric acid, as the hydroxy 
acid (XXI) prepared from a“bromocami>horic acid (XVI) passes 
readily into a lactone, camphanic acid (XXII). 


HoC- 


CHa 

-C()»H 


CHa 


CHa 




HaC.C.Clla 

Hai-(^:(Br).0()2ll 

(XVI) 


IL 




-C(LH 


H.C- Vr. 


-00 


—0(OH). OOaH HaC J-0. CO; 

(XXI) (XX] I) 


This view receives supi^ort from the observation of Balbiano,* 
that camphoric acid on oxidation with potassium permanganate 
yields amongst other substances a dibasic acid, , generally 

known as Balbiano^s acid. This acid, which gives on reduction 
with hydriodic acid a)3j8-trimethylglutaric acid, has been shown 
by Bardhan^ to be the ketonic dibasic acid (XXIII), its formation 
from camphoric acid (V) being assumed by him to proceed in 
accordance with the scheme given below, although none of the 
intermediate products has been isolated and it presents many 
unusual features. 
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HoC- 


HoG 
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diH.COjH 
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aC.i.CH, 
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(XXIIl) 
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COgH 
.C.i.CH, 

(Ijo.co,: 
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ii.CO.H 
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H0,C 


jC.i.CH, 
io.COjH 


* Ber. 1897, SO, 1901; 1899,32,1017; Gazzetta, 1899,29 [U], 490; 1902,82 [i], 485. 
t J.O.S. 1928, p. 2604. 
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(x) Direct proof of the presence of a cj/ciopentane ring structure 
ill camphoric acid has been obtained in two ways. 

(a) Bornyl chloride (XXIV) gives on oxidation with nitric 
acid apocamphoric acid (XXV)* and this acid has been prepared 
synthetically by Komppa.^ 

(b) Dehydrohomocamphoric acid (XV) gives on oxidation 

with potassium permanganate the ketonic acid, ca7np>hononic 
acid, C 9 H 14 O 3 (XXVl).'*' This acid has also been prepared by an 
indirect method from oLOL^-dibromocamphor (XXVil). It was 
found by Lapworth and Chapman® that when this dibromide was 
oxidised wdth nitric acid in the presence of silver nitrate a tribasic 
acid, homocamphoronic acid, (XXVIII), was obtained, 

the anhydride of which, when heated at 200 - 260°, gave cam- 
phononic acid (XXVJ). For reasons to be discussed later, homo- 
camphoronic acid must be represented by formula (XXVIII), 
its formation involving a molecular rearrangement. 
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IX,C-C.COstf 

I HjO.C.CH, 

H,C-(!)0 
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H.C-i.CO.H 
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iojH 
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(XXVIII) 


• Gardner and Cookbum, J.G.S. 1898, 78, 278. t Ber. 1901, 34, 2472. 

* Lapworth, J.0.8. 1900, 77, 1070. • J.C.S. 1899, 76, 986. 
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Since only adipic acids (or substituted adipic acids) are con¬ 
verted into ketones under the conditions used by Lapworth and 
Chapman, it follows that camphononio acid must contain a 
cycZopentane ring.*^ 

The Bredt formulae for camphor (IV) and camphoric acid (V), 
which account in a simple manner for all the reactions discussed 
above, have been confirmed by the synthesis of dZ-camphoric 
acid, which was effected practically simultaneously by Komppa^ 
and by Perkin and Thorpe.* The Kom']^)a'synthesis, which 
involves a comparatively simple series of reactions, starts from 
ethyl p^-dirmthylglutarate (XXIX) and proceeds in accordance 
with the scheme: 

CHa 


OOaCaHa OC-CH.COAH5 OC- 

I I [ Na+ I 

HaC.C.CHa Na HaC.C.CHa -► HaC.C.CHa 

I I —" I j 

COaCaHa HaC.COaCaHa OC-CH.CO.AHa OC-CH.COaCaHa 

(XXIX) 

CH, CH, CH, 

H,C-(^.CO.H H,C-A.CO.H HOHC-^.CO.H 


HjC.C.CHj HBr 
BrHC-in.CO.H 


■=r -C.COaU 


HOHC-( 






HOHC-in.CO.H 


H,C-i.COjH 

HjC.i.CH, 

H,C-in.COsH 

(V) 


The Perkin-Thorpe synthesis, which, like that of Komppa, 
leaves no doubt as to the constitution of the final product, 
involved very great experimental difficulties and the 5 deld of the 
synthetic acid was extremely small. By the action of acetic 

* A cyclohexane derivative could result under the same conditions, but this is 

ruled out by other considerations, since bomocamphoronic acid can bo converted 
into oamphoronic acid which is known to be aaj8*trimethyltricarballylic acid 
(p. 379). t Ber, 1908, 36, 4332; AnncUm, 1909, 870, 225. 

* 1904, 85, 146; 1906, 89, 799. 
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anhydride on the sodium salt of cLOL-dimethylbutane-oL^h-tri- 
carboxylic acid (XXX) 2: 2-dimethylcyclopentan‘3-one carboxylic 
cbcid (XXXI) was prepared, the ethyl ester of which gave on 
treatment with methyl magnesium iodide oL-campholactone^ 
(XXXII). From this, by the action of hydrogen bromide, 
3-bromo-2:2:S-trirnethylcyo\opentane carboxylic acid (XXXIIl) 
was prepared, which gave with potassium cyanide the nitrile 
(XXXIV). When this nitrile was hydrolysed, d?-camphoric acid 
(V) was obtained. 
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^/-Camphoric acid can be readily resolved into its optical 
enantiomorphs^ and the two syntheses of the acid outlined above 
imply therefore a synthesis of d- and Z-camphoric acids.* Further, 
since camphoric acid can be converted into camphor (p. 379), 
a complete synthesis of d-, /- and d/-camphors has been effected. 
The synthesis of di-camphor also follows from that of di-borneol 
described on p. 357. 

Whilst the constitution of camphor has thus been rigidly 
established, it behaves in many of its reactions in an abnormal 
manner and some of the more important molecular rearrange¬ 
ments which it and its derivatives undergo will be discussed in 
the sequel. 

Camphor can be readily identified by the preparation of 
the oxime, ugi.p. 119-5'', or the semicarbazone, m.p. 246°. The 

* For a discussion of the constitution of this lactone and its conversion into 
OT'Campholytic acid see p. 504. 

t Debieme, Compt. rend. 1899, 128, 1112; Beckmann, Ber. 1909, 42, 487. 

< Komppa resolved his synthetic acid and converted the dextrorotatory modifi¬ 
cation into d-camphor. 
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2 : ^^-dinitrophenylhydrazonp has m.p. 174°.* Since most of the de¬ 
rivatives of df-, /- and riZ-camphor have the same melting-points, 
it is of interest to note that the phenylsemicarbazones show a 
marked difference, the ri- and Z- forms melting at 153-154° and 
the dl- at 171-5-172*5°.^ 

f^am])hor has a curious and very characteristic odour; it 
crystallises in thin j)lates and sublimes readily at the ordinary 
temperature. The d- and /- modifications melt at 178*5-179' and 
therfZ-at 178-178*5°, b.p. 209*I°/759 mm., rfjj 1*0()0. rf-CWiphor 
is optically active in the solid, liquid and gaseous j^hases and its 
rotatory power varies considerably with the nature of the solvent 
and with the concentration of the solution.^ Thus, in absolute 
alcohol, the following values have been observed ^ [a]‘fy -f 41*4° 
(c, 1); + 43*6° (o, 5); -f 44*8° (c, 20), + 48*4° (r, 50), and in 75 per 
cent, alcohol: +34° (c, 1); +30*9^ (c, 5); +39*8° (r, 20). 

The camphor molecule is not symmetrical, and it contains two 
centres of asymmetry, shown in clarendon type in formula (IV) 
below. Nevertheless, the ketone can only exist in one cZ-, one 
and one cZZ-form, since its bicyclic nature necessitates the cis- 
arrangement of the —CO - CHg - bridge shown in the skeleton 
formula (XXXV); a trans- disposition of this bridge would involve 
a degree of strain incompatible with a stable structure." When, 
however, this portion of the ring system is broken, as in the 
formation of camphoric acid (V), the full number of isomerides 
may be encountered (see p. 479). According to Fredga and 
Miettinen,^ who have related the steric configurations of a 


C 



* Meisonheimer and Theilacker, Annalen, 1932, 493, 33. 

^ Morani, Cfuzzetta, 1928, 58, 404. 

* Compare, inter al„ Landolt, Annalen, 1877, 189, 333. 

* Poe and Plexn, J. Phys, Chem. 1934, 38, 883. 

'I Compare Aschan, AnnaLen^ 1901, 810, 212; Huckel, %bid, 1927, 455, 123. 
5 Acta Chem. Seand. 1947, 1, 371. 
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number of terpenes to that of d-glyceraldehyde, the bridge in 
d“Camphor, rf>a-pinene and d-fenchone, as normally written, 
lies behind the plane of the paper. 

The resolution of dZ-camphor into its enantiomorphs has been 
described by Woodward, Kohman and Harris’^ who separated, 
by fractional crystalHsation, VcmnphorA-menthydrazone (m.p. 
193-194°, — 58°,in alcohol) and d-camphorA’-menthydrazone 

(m.p. 177-178°, [a]5f-135*5°, in alcohol). 

Camphor and its derivatives have been extensively used in in¬ 
vestigations into the effect of structure on optical rotatory power, 
more especially by Lowry, Rupe, Tschugaev, and their colla¬ 
borators. 

The absorption spectrum and rotatory dispersion of camphor 
have been studied by numerous investigators; ^ it shows the same 
general absorption as other ketones, such as acetone, menthone 
and fenchone. Many cam])hor derivatives have also been 
examined in the same way.* The heat of combustion has been 
determined by a number of investigators, including Roth and 
Ostling,® who obtained the value, 1412*7 kg.-cals. The very high 
freezing-point depression constant, K 400®, which is shown by 
camphor, has led to its use as a solvent in molecular weight deter¬ 
minations, an extremely simple and accurate method having been 
devised by Rast." 

Camphor is sparingly soluble in water, but readily so in the 
majority of organic solvents, in concentrated sulphuric acid^ and 
in liquid sulphur dioxide.’^’^ When fragments of camphor are 
thrown on to water, the changes in surface tension cause them to 
move about rapidly on the surface. Camphor is of great technical 
importance, and is used largely in the manufacture of celluloid, 
smokeless powders, explosives and for medicinal purposes; and, 

♦ J, Amer. C.S. 1941, 63, 120. 

+ Inter al,, Baly, Marsden and Stewart, J.C.S. 1906, 89, 980; Hartley, ibid, 1908, 
93, 903; Lowry and Desch, ibid. 1909, 95, 815; Hantzsch, Ber. 1912, 45, 553; 
Henderson, Henderson and Hoilbron, ibid. 19i4,47,881; Patterson, Dunn, Buchanan 
and Loudon, J.C.S. 1932, p. 1716. For the Raman spectrum of camphor, see Jatkar 
and Padmanabhan, Ind. J. Phys. 1936,10, 55. 

» Inter al., Lowry et al. J.C.S. 1924, 125, 1921; 1926, p. 606; 1937, p. 233; Mathieu 
and Perrichet, Compt. rend. 1935, 200, 168.3; Singh and Prasad, Proc. Ind. Acad. Set. 
1936, 3 A, 586. 

» Ber. 1913, 46, 313. 

*1 Ibid. 1922, 55, 1061; compare Le F^vre and Tideman, J.C.S. 1931, p. 1729. 

5 Marsh and Hartridge, J.C.S. 1898, 73, 863. 

** Centnerszwer, Z. Phys. Chem. 1903, 46, 478. 
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in addition to being obtained from natural sources, it is now 
manufactured on a considerable scale from pinene. The so-called 
‘‘synthetic’’ cam])hor is as a rule optically inactive, although it 
is possible by using pinene of high rotatory power to obtain either 
(/- or Z-camphor in an optically pure state. For the manufacture 
of camphor there are two general processes, both of which start 
from bornyl chloride. In the first [scheme (a)] the bornyl chloride 
is converted into camphene by the removal of hydrogen chloride 
and this is then oxidised to camphor. In the second [scheme (6)] 
the camphene is hydrated to i^oborneol, which is then oxidised 
catalytically to the ketone. 

(a) Pinene -> Bornyl chloride -> Camphene Camphor. 

(b) Pinene -> Bornyl chloride Camphene -> i^oBorneol 

Camphor. 

The latter method, although it involves an extra stage, is the 
one most generally adopted, since it has been found to be the 
more economic. Consideration of the details of the various 
rea('tions lies outside the scope of this book, but several excellent 
accounts have been written.* 

Before [)roceeding to discuss the i)roperties of camphor it is 
necessary to refer to the nomenclature used in describing its 
substitution products. Substituting groups take up three posi¬ 
tions, which, in the older literature, are always designated a, j8 
and tt; more recently, numerals have been used. Furthermore, 
since it has been shown that the so-called “j8’’-substitution 
products are 10- and not 6-derivatives, they are more correctly 
described by the use of the prefix a>-, and this convention has 
been adoi)ted in the sequel. 



♦ Aschan, Die NapMenverbindungen^ Terpene und Campherarten, pp, 163-173; 
Brus, Btilh IrtM. Pin, 1934, p. 100; 1936, pp. 8, 57, 73; Gubelmanti and Elley, Ind, 
Sng. Cbem. 1934,26, 689. See also Thorpe^s Dictionary of Applied Chemistry^ 4th ed. 
Vol. II, p. 249. London, 1938. 
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It will be obvious that a corresponds to 3, a> to 10 and tt to 
8 or 9. The two hydrogen atoms attached to the a-carbon atom 
are not stereochemically equivalent, so that two isomeric a- 
substitution products can theoretically exist and have actually 
been prepared. The same holds true in the case of certain other 
substitution products; two stereoisomeric 7r-hydroxycamphors, 
for example, have been obtained. It will be convenient to discuss 
here the debated question of the constitution of the '’-substitu¬ 
tion products. The actual position of the substituting group has, 
in this case, been the subject of considerable discussion and until 
comparatively recently the general consensus of opinion^ was 
that it was attached to carbon atom 6, but evidence has now been 
adduced which shows conclusively that the ’’-substitution 
actually occurs at carbon atom 10, i.e. in the -position. 

In 1902 Forster prepared a new bromocamphor, m.p. 78°, 
[aJi) -f 19° (in alcohol). This substance was obtained by the action 
of bromine on 1-hydroxycamphene, which had itself been pre¬ 
pared by a somewhat lengthy series of operations, which need 
only be summarised here, since they have been discussed already 
on p. 313. From d-camphoroxirne (XXXVl) bromonitrocamphane 
(XXXVII) was prej^ared, which gave by the action of silver 
nitrate a nitrocamphene (XXXVIII). This yields on reduction 
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CH3 

-C— 


CH, 


-C:NOn HoC- 


J;-0/ 
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H,C 
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H-CH. 


H,C.C.( 




H,C- 


CiCH* 

■\ 
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H,C-djH-CH^ H,C-(^^H- 


H3C.C.CH. 


CH, 


(XXXVl) 

C:CHa 


(XXXVri) 


(XXXVlll) 




* Compare Kipping and Pope, J,0.8. 1895, 87, 371; Kipping, ibid, 1896, 69, 913; 
Forster, ibid, 1902, 81, 287; Armstrong and Lowry, ibid, 1469. 
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aminocamphene (XXXIX), from which, by the action of nitrous 
acid, 1-hydroxycamphene (XL) is obtained.’*' It was from this 
alcohol that the new bromocamphor was prepared by the action 
of bromine. 

There can be no doubt that it is a true derivative of camphor, 
since it yields camphor on reduction with zinc dust, and a- 
campholenic acid (XLII) on treatment with alkah. This latter 
reaction was interpreted as an indication that the bromine atom 
in the bromocamphor was in position 6 (XLl). It was suggested 
by Forster that, if it were attached to carbon atom 10 (XLIIl), 
this reaction would be very much less likely to take place. 



Simultaneously, and by an entirely different series of reactions, 
Armstrong and Lowry ^ prepared the same bromocamphor. Some 
years before, Reychler* had shown that camphor could be sul- 
X>honated in acetic anhydride solution to yield a well-defined 
crystalline sulphonic acid, generally known as Reychler’s cam- 
phorsulphonic acid which he formulated as (XLIV). Armstrong 
and Lowry foimd that when the sulphonyl bromide was heated 


♦ JForater, J,C.S. 1901, 79, 644. 
t J£.S. 1902, 81, 1469. 


♦ Butt. Boc, chim. 1898 [iii], 19, 120. 
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it was converted into Forster’s bromocamphor.* On oxidation 
with nitric acid a bromocamphoric acid was obtained, whilst 
V ith the same reagent in the presence of silver nitrate ^.^ocain- 
phoronic acid (XLVI) was formed. The isolation of the latter acid 
was regarded as conclusive proof that the bromocamphor must 
have formula (XLI) and the bromocamphoric acid (XLV). 

In 1923, however, Wedekind, Schenk and Stiisser^ showed by 
an elegant series of reactions that Reychler’s acid actually had 
the sulphonic grou]) in position 10 and that it must be represented 
by formula (XLVII). When the sulphochloride of the acid is 
treated with triethylamine or with pyridine, lO-chlorocamphor 
siilphoxide, C^ioH^gOgClS, m.p. 85°, fa]^ — 136*2°, is obtained. The 
constitution of this sulphoxide (XLVIII) was proved (i) by its'^ 
nitration to 10: lO-dinitro-lO-chlorocamphor (XLIX), m.p. 150*5°, 
\y.\u —55*4°, and (ii) by the hydrolysis of this and the direct 
oxidation of the sulphoxide to keiopinic acid (L). Confirmation 
of the structure of the sul])hoxide was obtained by a study of its 
reaction with phenylhydrazine, when the pyrazolone derivative 
(LI) was formed. 


H,c- a 


CO 


-OH-CHg 
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COaH 
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I iloC.i.C^H, 

I 

H,C-CH—CH, 

(XLVITI) 

■ HNO 3 

Cl.qNOa)^ 
iLC --00 


HoC.C.CH. 


H„C-CH-CH. 




H 3 C.C.CH, 


OH—CH 


(L) 


(XLIX) 


The conclusion that Reychler’s acid, and also the Forster- 
Armstrong-Lowry ’’-bromocamphor, contained the substituent 


* The conversion of the sulphonic acid into bromocamphor has also bsttn carried 
out by Loudon {J.C.S, 1933, p. 823), the reactions proceeding through the nulphonic 
acid and the merourichloride derivatives, 
t Ber, 1923, 66, 633. 
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in the 10-position, still occasioned some difficulty^ since, at 
that time, all attempts to convert ‘'j8”-bromocamphor into the 
corresponding ])rimaLry alcohol had resulted in the formation 
of a-campholenie acid, and no reaction was known in which the 
bromo-ketone behaved as if it contained the grouping —CHgBr. 
It is only more recently ^ that it has been found ]) 08 sible to achieve 
the conversion into 10-hydroxyeaniphor, the acetate of which is 
obtained when “/S’’-bromocamphor is treated with potassium 
acetate in acetic acid solution (see p. 432). 

Confirmatory evidence has also been provided by Komppa,* 
who has shown that the bromocmnphoric acid, obtained on oxida¬ 
tion of “jS”-bromocamphor, must have formula (LIl), since 
replacement of the halogen by hydroxyl, followed by oxidation, 
gives the carboxyapocamphoric acid (LIII), m.j). 195-196°, which 
on heating is readily decarboxylated to give cis-apocamphoric 
acid (XXV). Furthermore, the bromocamphoric acid (Lll) 
differs from the true j3-bromocamphoric acid (XLV) which has 
been pre})ared indirectly by Toivonen.® 

HgC- on -COsjH 

HjjC-CH-COaH 

(XXV) 

Finally, the more recent studies of the mechanism of the 
sulphonation of camphor, which are discussed on p. 425, are not 
incompatible with the introduction of the substituent at the 10- 
(i.e. CO-) position. In the sequel, therefore, the ’’-derivatives, 
discussed above, will be given the correct prefix a>- (or 10-). 

The early experiments on the reduction of camphor," involving 
as they did the use of acid reagents (hydriodic acid) and high 
temperatures, did not yield camphane but mixtures of mono- 
cyclic hydrocarbons, the exact nature of which has not been 

* See inter al., Lipp ami Lausborg, Annaien, 1924, 436, 274; Burgess and Lowry, 

1925,127, 279. 

+ Iki, iSn. Pap. Inst. Phys. Chem. lies. Tokyo, 1934, 25, 78. 

» J. pu Chem. 1943 [ii], 162, 19. 

* Ajiiml, Acad. Sci. Fennicae, 1927, A, 29, no, 10. 

•• Wey\ Ber. 1868,1,94; Berthelot, Bull. Boc. chim. 1869 [ii], 11,98; Markownikov, 
Ber. 1897, 30. 1216. 


CHgBr (JOgH 

H,C-i-CO,H HjO- 1' -OOjH 

HjcJj.CH, -► 

H,C——CH—COjH H,(>—(!'H—COjH 
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determined. The reduction to the stereoisomeric secondary 
alcohols, borneol and i^oborneol, was first carried out by 
Berthelot* by the action of an alcoholic solution of potassium 
hydroxide, a reaction which can be more readily effected by 
sodium in a neutral solvent^ (see p. 350). More recently the 
catalytic hydrogenation of camphor has been studied. Although 
camphor cannot be reduced readily by the Sabatier-Senderens 
process,* Ipatiev® has shown that in the presence of nickel oxide 
at 320-350° hydrogenation does occur if high pressure is used, 
a mixture of borneol and isohorneol being obtained. If, however, 
a catalyst consisting of a mixture of nickel oxide and alumina is 
em])loyed, then i 50 camj)hane is formed. There would appear to 
be no doubt (compare [>. 276) that in this latter reaction the 
alcohols which are first formed undergo dehydration to cani- 
phene, which is then redu(*ed. Vavon and Pcignier" have found 
that, although the reaction proceeds somewhat slowly, cam})hor 
can be hydrogenated at the ordinary temperature in the presence 
of platinum black. Very little borneol is formed, isohorneol being 
the main product. If the hydrogenation is i)rolonged, comidete 
reduction to camphane takes place. By the reduction of camphor 
with sodium in moist ethereal solution Beckmann^ obtained, in 

t 

addition to i^oborneol and borneol, pinacone, m.p. 157-15S°, 
■~27'2°, which he represented by (LIV). 


CH, 
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HoC.C.CH, 


CH, 

-(HO)C- V -CH, 


(^H-CH« 


(HIV) 
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HaC I CHj 
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Being a saturated dicyclic ketone, camj)hor is comparatively 
resistant to the action of oxidising agents. It is probable that, 
in alkaline solution at any rate, it is the enolic form of the ketone 
(LV) which undergoes oxidation, camphorquinone (LVI) being 

♦ Annalen, 1869,110, 368. 

^ Baubigny, Compt, rend, 1866, 63, 221. 

♦ Compare, however, G,P. 213164. * Her. 1912, 46, 3206. 

>1 Compt. rend. 1925,181, 184; compare Lipp, Oeokinghaug and Conze, Her. 1941, 
74, 6. 

5 Her. 1889, 22, 912; 1894, 27, 2348; J. pr. Ohem, 1897 [ii], 55, 35; Annalen, 1S96, 
292, 1. 
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an intermediate stage in its oxidation to camphoric acid. The 
further products of the oxidation are as a rule degradation 
products of this acid, which, in view of its importance, is discussed 
in detail later (]). 478). 
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Oxidation in dilute alcoholic solution in the presence of sun¬ 
light was found by Ciamician and Wilber* to give a comi)lex 
mixture of substances, from which they separated oL-campholen- 
aldehyde (LVII), identified by oxidation to a-campholenic acid 
(XLII) and an unsaturated ketone, CjoHigO, b.p. 203-204°, semi- 
carbazone, m.p. 151-152°. The constitution of this ketone was not 
determined. 


CHo 


HCr 


CHO 


H.C.C.CHa 


(LVII) 


CH, 


HO 


HaC.C. 


COaH 


CH« 


HjjC-CH-CHi 

(XLII) 


By the action of Caro’s reagent Baeyer and Villiger^ obtained 
a mixture of oL-campholide (XIII) and a lactone, CioHie04, m.p. 
189-191°. The constitution of this lactone has not been deter¬ 
mined, but Locquin* has shown that when it is warmed with 
dilute sulphuric acid it yields a ketone, CqHi 40, b.p. 82- 
86°/10 mm., djo 1‘062, semicarbazones, m.p. 198° and 150°. This 

* J5cf. 1910, 48, 1341. t Ibid. 1899, 32. 3625. 

♦ Compt. rerwi. 1911,158, 284. 
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ketone must be 1:1:2: o4etramethyh!^^-QyQ\openten-*^-one (LVIll), 
since it gives on oxidation with potassium permanganate y-keio- 
QL^p4rimethylvaleric acid (LIX), which was identified by its 
oxidation with sodium hypobromite to trimefhylsuccinic acid 
(XIX). 
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Camphor is smoothly converted in excellent yield into cani- 
ijhorquinone by oxidation with selenium dioxide.* 

Kachler^ found that camphor was only very slowly attacked 
by chromic acid, but on prolonged warming a mixture consisting 
essentially of campfioronic acid (XVII) and iaocamphoronic acid 
(XLVI) was obtained. Both these acids have been prepared 
synthetically, the former by Perkin and Thorpe * and by Ganguly,* 
and the latter by Perkin." 
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Subsequently, Bredt’ showed that if the oxidation is carried 
out in acetic acid solution in the absence of mineral acids 


* Evans, Ridgion and Simonsen, J.C.S. 1934, p. 137; compare Vfenc, C’ompt, rend. 
1943, 216, 772. 
t Ber. 1880,18, 487. 

» J. Ind. C.8. 1943, 20,101. 

1 J. pr. Ohem. 1923 [ii], 106, 336. 


» J.C.S. 1897, 71, 1169. 
II J.C'.S. 1902, 81, 246. 
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^-diketocampham (LX) is obtained. According to Miyake and 
Waianabe’^ some 6-ketocampJior (LXI), m.p. 195^, is also formed, 
The oxidation proceeds therefore in an analogous manner to that 
of bomyl acetate (]). 361). Potassium permanganate does not 
attack camx)hor in neutral solution, but in alkaline solution 
camphoric acid is obtained/ the same acid being formed also by 
tlje action of potassium ferricyamde.'’' As has been mentioned 
on p, 374, it was observed many years ago that camphor was 
oxidised by concentrated nitric acid to camphoric acid; the 
products of this oxidation have been the subject of repeated 
study * and, in addition to camphoric acid, camphoronic, i^ocam- 
phoronic, trimethylsuccinic and dimethylsuccinic acids have been 
found to be formed. A remarkable oxidation product, benzene 
pentacarboxylic acid, was stated by Schrbttcr and Weitzenbock 
to result when camphor is first treated with concentrated sul¬ 
phuric acid in the presence of mercury and then warmed with 
nitric acid. Since the acid contains eleven carbon atoms it is 
obvious that condensation, accompanied by molecular rearrange¬ 
ment, must precede the oxidation, but the mechanism of the 
reaction is obscure. 

By the action of deliydrating agents on camphor, monocyclic 
substances aie obtained, but since the formation of these is 
frequently associated with molecular rearrangement the products 
are of little value in elucidating the constitution of the parent 
ketone. As a rule, ring fission occurs between the 1 and 7 carbon 
atoms leading ])rimarily to derivatives of p-cymene: 
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H.C-(!;-CO 

HjC.i.CH, 
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H,C-CH—CH, 
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♦ Proe. Imp. Acad. Tokyo, 1936,11, 100. 

+ Grosser, Bcr. 1881.14, 2507. 

♦ l^tard, Compf. rend. 1900,130, 670. 

» Inter al.,K&chlcT, Annalen, 1871, 169, 286; 1878, 191, 148; Ber. 1880. 13, 487; 
Ktillhem, Annalen, 1872, 163, 232; Koser, Ber. 1885, 18, 3112; Bredt, ibtd. 1893, 
26, 3047. 

II Momiah. 1008, 29, 396 749. 
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The formation of ^j-cymene (Kamfogene) from camphor was 
apparently first observed by Dumas and P41igot,* who treated 
the ketone with phosphorus pentoxide, its identity being later 
confirmed by Kekule and Pott^ and by Armstrong and Miller."^ 
With zinc chloride the dehydration proceeds in a very complex 
manner, Armstrong and Miller showing that ^-cymene, 1:2- 
dimethyl-4-etliylbenzene, 1:2:3:5-tetramethylbenzene and oar- 
vacrol were formed. It had, however, been observed much earlier 
by Claus* that carvacrol could be obtained from camphor by 
heating it with iodine, although the identity of the phenol was 
only established much later by Fleischer and Kekule." Of greater 
interest were the results obtained on treatment of the ketone with 
sulphuric acid. The early experiments of Delalande,*^ Chataud,^" 
Schwanert and Kachler** had shown that when the ketone w^as 
heated with concentrated sulphuric acid an oxygenated body 
was formed to which the name camphrene was given. This was 
subsequently found by Armstrong and Kipping** and by Bredt, 
Rochussen and Mohnheim"" to consist essentially of a mixture of 
3:4-dimethylacetophenone and carvenone (Vol. i, p. 345). 


THE HALOGEN DERIVATIVES OF CAMPHOR 

By the direct halogenation of camphor, substitution of the 
hydrogen atom attached to the a- (or 3-) carbon atom occurs 
readily with the formation of monohalogenated derivatives. 
Such substituted camphors should exist in two stereoisomeric 
modifications which may be represented by formulae (I) and 
(I a), where jB = Cl or Br, and it is further obvious that disubstitu¬ 
tion products with different substituents attached to this carbon 

♦ Compt. rend. 1836, 4, 496. 
t Ber. 1869, 2, 121. 

* Ibid. 1883,16, 2269. 

« Annalen, 1842, 44, 301; J. pr. Chem. 1843, 26, 264. 

u Ber. 1873, 6, 935; compare Armstrong and Easkill, ibid. 1878, 11, 161; 
Armstrong and Miller, ibid. 1883,16, 2266. 

7 Compt. rend. 1839, 9, 608. 

** Ibid. 1867, 44, 66. 
tt AnnaUn, 1862,123, 298. 

« Ibid. 1872,164, 80. 

•» J.0.8. 1893, 68, 76. 
uii Annalen. 1900, 814, 376. 
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atom should exist also in two modifications, (II) and (IIa). 
Owing mainly to the ingenious experiments of Lowry and his 
collaborators many of these isomerides have been ])repared and 
their reactions investigated. 
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By the chlorination of camphor in alcoholic solution Cazeneuve* 
prepared a chlorocamphor, m.p. 92-95°, [ol]j) -1-90° (in alcoholic 
solution), the same substance being obtained also by Schiff and 
Puliti^ and by Balbiano* by heating cMorooamphorcarboxf/lic acid 
(III). Since this chlorocarnphor gives on reduction camphor, and 
on oxidation with potassium })ermanganate camphoric acid, it 
must be represented by formula (IV), substitution having taken 
place at the a- (3-) carbon atom. 
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Both Cazcneuve and Balbiaiio obtained evidence of the 
presence of an isomeric monochlorocamphor having a higher 

* Bull, 80 c. chim, 1882 [ii], 37, 454; 38, 9; 1883 [ii], 39, 116, 601. 

+ Ber. 1883,16, 888. 

* Oazzetta, 1887,17, 96, 243. 
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melting-point and a different rotatory power, but this substance 
was first prepared in a pure state by Lowry and Steele.^ Kipping ^ 
had made the interesting observation that alcoholic solutions of 
both a-chloro- and a-bromocamphors showed mutarotation when 
alkali was added. This change in rotatory power was due to the 
formation of an equihbrium mixtiu*e of the two stereoisomeric 
modifications of the monosubstituted halogen derivatives, a- and 
a'-monochlorocamphors. By a prolonged fractional crystallisa¬ 
tion of an alcoholic solution of a-chlorocamphor, which had been 
isomerised by the addition of a trace of sodium ethoxide, Lowry 
and Steele succeeded in separating the more soluble a'-chloro- 
camphor, 

^-Chlorocamphor has m.p. 94°, [a]^) +96-2° (in alcohol, c = 5), 
whilst the very much more readily soluble cl'- chlorocamphor 
melts at 117°, [ajj^ -f 35° (in alcohol, c == 5). The latter is somewhat 
unstable and on keeping tends to lose hydrogen chloride. If, to 
a concentrated alcohohc solution of a'-chlorocamphor, a drop of 
sodium ethoxide be added, isomerisation occurs, and the more 
sparingly soluble a-chlorocamphor crystallises from the equili¬ 
brium mixture. In dilute solution the change can be followed by 
observing the mutarotation. The following figures quoted from 
Lowry and Steele’s memoir will serve to make this clear: 


a-Chlorocamphor 

a'-Chlorocamphor 


Without alkali 
+ 2-42° 

+ 0 - 92 ^' 


After addition 
of alkali 
+ 2*29° 

+ 2-28° 


Results of considerable interest have accrued from a study of 
the bromination of the two chlorocamphors. By the action of 
bromine on a-chlorocamphor (V) Lowry ^ obtained an isomor- 
phous mixture of two chlorobromocamphors and the same 
mixture was obtained by the chlorination of a-bromocamphor 
(VI) (p. 400). Thetwoisomerides, (x'-chhro-y.-bromocamphor (VII), 
[a]j) + 64°, and y-chloro-y'-bromocamphor (VIII), [oi]jj +10°, 
were not obtained quite pure. 

The same mixture of isomerides was obtained by the 
bromination of a'-chlorocamphor (IX) and this result supports 


♦ J.C.iS, 1916,107, 1382. 

* J,C\S. 1898, 78, 669. 


t Proc. C.8, 1906, 21, 124. 
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Lapworth’fi theorythat the halogenation in this and in other 
analogous cases proceeds through the enolic form. 


CO CO 



(IX) (VII) 


♦ J.C,8. 1904, 86, 30. 
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On the other hand, the nitration of a-chlorocamphor and 
a'-chlorocamphor appears to proceed in a more simple manner. 
Thus a-chlorocamphor yields cn-chloro-x -nitrocamphor, whilst 
a'-chlorocamphor gives ol'- chhro-x-nitrocainphor, the chtorination 
of a-nitrocamphor (p. 410) giving a'-chloro-a-nitrocamphor. The 
properties of these derivatives are shown in the following table: * 

M.p. [a]z> (m chloroform) 
oL-Vhloro-af-nitrocamphor 95° - 5° 

QL'-ChlorO‘Ct-nUroramphor 132° H-13° 

When a-chlorocamphor is heated witli an excess of bromine in 
a sealed tube a mixture of chlorobromocamphors is obtained from 
which Lowry ^ succeeded in separating a homogeneous chloro- 
dibromocamphory m.p. 84*^, [aj/^ 4-51*2\ It seems probable 
that this substance is cL-chloro-oi o)-dibromocamphor (X), but the 
])osition of the bromi ne atoms has not been definitely established. 



Neither a- nor a'-chlorocamjjhor yields oximes, but give, like 
oc-bromocamphor, on treatment with hydroxylainine a mixture 
of isomeric camphorquinonedioximes (p. 477).^ 

By the saturation of an alcoholic solution of camphor with 
chlorine, Cazeneuve** prepared -diohlorocamphor (XI), m.p. 
96^ [a]^ +57-3". 

(or 10-) Chlorocamphor (XIII) was prepared by Forster" by 
the action of chlorine on 1-hydroxycamphene (XII) in acetic acid 



Lowry, J.C.S, 1898, 73, 987, 
t Burgess, ibid. 1924,125, 2376. 

« BuU. 8oc. chim. 1882 [ii], 37, 464. 


t J.C\8. 1898, 73, 684. 
il J.C.S. 1902, 81, 272. 
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solution in the presence of sodium acetate. It is formed also by 
the action of hypochlqrous acid on this substance.* 

co-Chlorocamphor, the constitution of which has been discussed 
on p. 386; has m.p. 132-5^, la]^ -h40-7° (in alcohol). It gives an 
oxime, m.p. lOT, [aj^^ +126*5'' (in chloroform). 

77 - (or 8-) Clilorocam'phor^ (XV), m.p. 139-139*5°, [a]o + 99*88° 
(in chloroform), was prepared by Kipping and Pope* by heating 
cam'phor-rr-aulphonyl chloride (XIV) (p. 422) at 175-190°. It is 
formed also when oLTr-dichlorocamphor (XVI), m.p. 118-118*5°, 
[a]jj + 96*74° (in chloroform), is reduced with sodium amalgam in 
alcoholic solution. The latter can be prepared by heating oL-chloro- 
camphor-TT-sulphonyl chloride (XVII) at 160-180°. 
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(XVI) 


CH, 
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The bromination of camphor proceeds with great facility and 
oL-bromocamphor (XVIII) has been prepared by a number of 
reactions. When camphor is mixed with bromine an unstable red 
crystalline additive compound, CioHigO, is formed,* which 
is best prepared by the addition of bromine to a chloroform 
solution of the ketone." This compound, when gently warmed, 
decomposes with the evolution of hydrogen bromide and forma¬ 
tion of a-bromocamphor.’ The bromide can, however, be pre¬ 
pared more conveniently by the slow addition of bromine to 

* Forster and Howard, ibid. 1913,108, 63. 

+ Since the two methyl groups, 8- and 9-, are not identical, they should on 
substitution yield different chlorocamphors, but these have not been described. 

* J.a.8. 1895, 67, 377. 

* Laurent, Compt rend. 1840,10, 632; Annalen, 1844, 48, 261. 

'* Swarts, Jahreabericht, 1862, p. 462; Perkin, J.C.8. 1866,18, 92. 

5 KeUer, Chem. Z. 1880, 4, 166. 
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camphor heated on the water bath,* or by the addition of bromine 
to an alcoholic solution of the ketone.^ Indirectly, a-bromo- 
camphor has been obtained by the action of bromine on hydroxy- 
methylemcamphor (XIX)/ by heating oL-bromocamphorcarboxyli') 
acid (XX and by the action of alcoholic potassium hydroxide 
on this acid." 




H,c-c-CO 

H.C.C.CHa 


CH3 

H ,C-C-CO 11,0- 


CH3 

-C-(H) 


HoC 


I 


H3C.C.CH, 

-in-: 


JH-CrCJiOH H3C- 

(XIX) (XVllI) 


H3C 


J.i.CHa ! 


CHBr 


1 1 ' 

H.C-CH C 


(XX) 


^COnH 


rf-a-Bromocamphor has m.y). 76-77° (<i/-, m.]). [a];, 

+ 117*1° (in benzene, r= 1*6); the optical rotatory power shows 
very marked variations de])ending upon the solvent and the 
concentration. The constitution of the bromide is jwoved by its 
oxidation with ]>otassium permanganate to camplioric acid ;^ on 
reduction with sodium amalgam in alcoholic solution camphor 
is obtained.** 

The reactions of the bromide have been studied in great detail 
and it will only be possible to refer here to the more important of 
these. As mentioned already, it yields with chlorine a mixture 
of the two isomeric chlorobromocainphors, whilst when bro- 
minated at 100° olol'- dibro7nocamphor (p. 405) is obtained.^^ If, 
however, it be heated at 110--120° with one and a half mols. of 
bromine, aca-dibroraocain])hor (p. 407) is formed.** When a- 
bromocamphor (XXI) is warmed with nitric acid it yields a 
mixture of camphoric acid, oL-brmno-oL -nitrocamphor (XXII) and 
aa'-dibromocamphor.®^ The latter substance owes its formation 

* Armstrong and Matthews, Chevi. News, 1878, 37, 4; Kipping and Pope, 

1893, 63, 576; compare Ingcrsoll and Babcock, J. Amer. C\S. 1933, 65, 341. 

t Marsh, J.C.S. 1890, 57, 828. 

* Claisen, Bishop and Sinclair, Amialen, 1894, 281, 345. 

8 de Santos e Silva, Ber. 1873, 6 , 1093. " Aschan, Ber. 1894, 27, 1445. 

5 Balbiano, Gazzetta, 1887,17, 242. 

Montgolfier, Ann. Ckim. 1878 [v], 14, HO. 

Schiff, Ber. 1880,13, 1402; Cazeneuve, BuU. Soc. chim. 1884 [iil, 42, 69; Lowry, 
J.C.S. 1898, 73, 988. 

Kachler and Spitzer, Monateh. 1863, 4, 486. 

•8 Schiff, Ber. 1880,13, 1402; Cazeneuve, Bull. Soc. chitn. 1884 [ii], 42, 69; Lowry, 
J.C.S. 1898, 73, 988. 
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to the bromination of a-bromocamphor by the bromine liberated 
during the oxidation of a portion of the bromide to camphoric 
acid. a-Bromo-a'-nitrocamphor has m.p. 107°, fa];^ —22° 
(in chloroform, c=10), the isomeric cl- bromo-cL-nitrocamphor 
(XXIII), m.p. 106°, [a]^) 4-53° (in chloroform, c = 0-5) being 
obtained when cl -nitrocamplior (XXIV) is brorninated;^ in this 
bromination a“bromo-a'-nitrocain])hor is also formed. When 
a-bromo-a'-nitrocamphor is reduced it yields a'-nitrocamphor.^ 
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The action of oleum on a-bromocami)hor has been shown by 
Kipping and Pope ^ to result in the formation of a-bromocamphor- 
TT-sulphonic acid (p. 424), the same product being formed also 
by the action of chlorosulphonic acid.* With sodium in neutral 
solution, bimolecular compounds are formed, which have been 
studied by Oddo," whilst Malmgren^ has shown magnesium to 
react in a similar maimer. When treated with carbon dioxide in 
the ])rc8ence of sodamide in ethereal solution, a-bromocamphor 
yields camphor-3-carboxylic acid** (p. 440). Goldschmidt and 
Korev^^ obtained camphoroxime by the action of free hydroxyl- 
amine on a-bromocamphor, but if the bromide is heated with a 
mixture of hydroxylamine hydrochloride and sodium acetate a 
mixture of camphorquinone-a- and j8-dioximes (j). 471) is ob¬ 
tained.** It is of interest to note that Clarke, Lapworth and 
Wechsler** obtained ?>onitrosocamphor by treating a-bromo- 
camphor with i^oamyl nitrite in the presence of sodium ethoxide. 

Lowry, J.O.S. 1898. 73, 989. 

+ Sohiff, Ber. 1876, 18, 1403; Cazeneuve, BuU. Boc. chitn. 1887 [ii], 47, 920; 
Lowry, J.C.S. 1893, 78, 991. 

* J.C.B. 1893, 68, 677. • Kipping and Pope, ibtd. 1896, 67, 366. 

II Oazzetta, 1893, 28, ii, 316; 1897, 27, i, 149; 1906, 86, i, 12. 

5 Bfr. 1903, 86, 2627. 

*• Bruhl, ibid. 1903, 86. 1307. tt Ber. 1885,18, 1636. 

^ Angelico and Montalbano, Oaxzetta, 80, n, 300; compare Burgess, J.C.S. 1924, 
126, 2376. 

H 1908, 98, 40.. 
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Although camphor on bromination gives an almost theoretical 
yield of a-bromocamphor, it has long been known that the initial 
product consists of a mixture of the a- and a'-isomerides. Marsh* 
was able to separate from the crude bromination product a 
fraction having a very much lower optical rotatory power, 
[a]j) + 29-4°, as compared with + 135^^ of pure a-bromocamphor, 
and he observed also that conversion of the former into the latter 
could be effected by distillation at the ordinary pressure. This 
method of purification is, however, much less satisfactory than 
that originally suggested by Armstrong,^ in which crude a-bromo- 
camphor is treated with an alcoholic solution of potassium 
hydroxide. So effective is this method that it was generally 
HU}>posed that the reaction was irreversible. In 1905, however, 
Kip])ing * showed that, if alkali was added to an alcoholic solution 
of a-bromocamphor, the rotatory power of the solution di¬ 
minished, and by working alternatively with alkaline and acid 
solutions he succeeded in preparing a bromocamphor having a 
rotatory power of the same order as that obtained by Marsh by 
the direct bromination of cam])hor. By the aid of solubility 
experiments, Lowry* confirmed the presence of the second 
isomeride in solutions which had been treated with alkali, but 
it remained for Lowry, Steele and Burgess" to prepare pure 
a'-bromocamphor. This was obtained in exactly the same manner 
as that used for the preparation of a'-chlorocamphor, but, owing 
to the greater solubility of the bromide, the isolation was more 
difficult, ql'-B romocamphor crystallises from alcohol in needles, 
m.p. 78°, [a] 54 ei —40° (in alcohol, c= 10). If a drop of alkali be 
added to its alcoholic solution, the rotatory power rises owing to 
the formation of the a-isomeride and the solution in equilibrium 
contains 92 per cent, of this isomeride. The extent of the muta- 
rotation is shown by the following values: 


a Bromocamphor 
(x'-Bromocamphor 


Initial value 


+ 164-75® 
- 38-8® 


[*l5461 
Final value 
(after addition of 
iV/lOOO NaOCaHa) 
+ U7-4® 

+ 147-7® 


♦ Proc. C.S, 1905, 21, 125. 
» Ibid, 1922,121, 633. 


* J.C.8, 1891, 69, 969. 
t Chem, News, 1878, 37. 4. 
» J.C,8, 1906, 89, 1033. 
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On nitration, a- and a'-bromocamphor, unlike a- and a'-chloro- 
camphors, give the same Qn-brom^o-oL'-nitrocaniphor, m.p. 104°, 
Wd —27° (in alcohol). 

Reference has been made on p. 387 to the ])reparation of co- 
(or 10-) bromocamphor, and the constitution of this substance has 
also been discussed. a>-Bromocam])hor crystallises in prisms, 
m.p. 78°, [a]/) -|-10-1° (in alcohol). Its absor])tion spectrum has 
been studied by Lowry and Desch.* It can be readily charac¬ 
terised by the preparation of the oxime, m.p. 150°. When treated 
with bromine it yields aa>-dibromocamphor. On oxidation with 
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nitric acid, in addition to a>-bromocainphoric acid, acu-dibrorno- 
a'-nitrocamphor is also formed. Other important reactions of 
this dibromide are discussed on p. 407. By the sulphonation 
of do-bromocamphor, Burgess and Lowry ^ prepared a bromo- 
camphorsulphonic acid, which must be oj^brornocamphor-oL- 
sulphonic acid (XXV), since when the sulphonylbromide is 
refluxed in xylene solution it yields a mixture of aca- and a'o)- 
dibromocamphors (XXVI). The sulphonic acid was characterised 
by the preparation of the sulphonyl chloride, m.p..97'', and the 
amide, m.p. 100-102°, 4-46-1°. The carbonyl group in the 

amide shows the interesting property of reacting in the enolic 
form, since on digestion with acetic anliydride the acetyl deriva¬ 
tive (XXVII) is obtained. On bromination this acetyl deriva¬ 
tive gives, in addition to cn^-dibromocamphor-OL^sulphonamide 
(XXVIII), a small quantity of (o-bromocamphorquinone (XXIX). 

^ J,C.8. 1909, 95, 816. t Ibid. 1925,127, 271. 
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TT- (or 8-) Bromovamphor (XXX) was prepared by Kipping and 
Pope’*' by heating camphor-TT-sulphonyl bromide (XXXI) at 150° 
or by the reduction of oLiT-dibromocamphor (XXXII) with sodium 
amalgam J 7r-Bromocamphor is dimorphic, the stable form, m.p. 
93*4°, crystallising from light petroleum in tetragonal prisms, 
whilst the labile has m.p. 60-63°, [a]y^ +116-01°. It has been 
characterised by the prei)aration of the oxime, m.p. 124-5°. 
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CH, 
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CH, 


HaO.C.CH^.SO.Hr I -. 

11“ I I ' I 

HaC-CK-CHj H.,0-C 
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cuoL -Dibromocamphor, which was first described by Swarts,* is 
readily obtained when a-bromocamphor is warmed on the water 
bath with bromine.® It crystallises in ])risms, m.p. 61°, [ajj^ 
+ 39-2° (in alcohol). Its absorption spectrum in the ultra-violet 
has been studied by Lowry and Desch." The constitution of this 
bromide has been proved by its reduction to camphor with 
sodium amalgam, by the formation of hydroxymethylenecam- 
])hor by the action of sodium methoxide in benzene solution ^ and 
by its conversion into camphor-3-carboxylic acid by the action of 
carbon dioxide in the presence of either magnesium or sodium.^*' 
The action of nitric acid on aa'-dibromocamplior was investigated 
by Forster and by Lap worth and his collaborators.** Reference 
has been made on p. 381 to the formation of homocamphoronic 
acid by the action of this reagent and to its conversion into 
camphononic acid. In addition, camphoric acid and a-bromo- 
a'-nitrocamphor are also formed. If aa'-dibromocamphor is 
oxidised with nitric acid in the presence of silver nitrate, then 
bromocamphorenic acid is obtained, an acid which results also 
when Forster’s dibromocampJtolide (XXXIV) is reduced with 
zinc dust. 

* J.G,S, 1895, 67, 382. 

t Revis and Kipping, Proe. C.S. 1896, p. 77. 

* Ber. 1882,16, 1623. 

» Lowry, J.C.S. 1898, 78, 687. it J.C.S. 1909, 96, 818. 

5 Brflhl, Ber. 1904, 37, 2072. 

*• Brilhl, aid. 1903, 36, 4289. tt J.O.S. 1896, 69, 36. 

« Ibid. 1899, 76, 992, 1134; 1900, 77, 311; 1902, 81, 17. 
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Bromocamphorenic acid, m.p. 159°, [aj^^ +144*1°, has been 
shown to have the structure (XXXIII), since it gives on oxidation 
with potassium permanganate homocamphoronic acid (XXXV). 
When bromocamphorenic acid is reduced with sodium amalgam 
it yields campfiorenic acid (XXXVI), m.p. 161°, [aJ^j +179*4°, 
whilst when treated with sulphuric acid it yields a-bromocam- 
pholide (XXXVII), which is converted by alkali into camphonic 
acid (XXXVIII), m.p. 195°, semicarbazone, m.p. 222-223°. It 
will be observed that in the conversion of aa'-dibromocamphor 
into camphorenic acid a molecular rearrangement occurs. This 
was originally assumed (Lapworth) to proceed with the inter¬ 
mediate formation of a c^cZoproi)ane ring but, in the light of our 
present knowledge of the mechanism of such reactions, this 
assumption is no longer necessary. 
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aa'-Dibromocamphor is not attacked by the phosphorus 
halides. If it is heated in an atmosphere of hydrogen bromide at 
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120° under pressure it isomerises to aw-dibromocamphor,* whilst 
treatment with alkali converts it into oc-bromocamphor. 

Although aco- (3:10-) dibro'triommphor (XXXIX) was originally 
prepared by Swarts^ by heating a-bromocamphor (XL) with 
bromine under pressure at 110-120°, its constitution was first 
clearly established when Forster* showed that it could be pre» 
pared by the bromination of co-bromocamphor (XLl). At the 
same time Armstrong and Lowry* described its preparation 
by the action of heat on oL-hroinocaiapJwr-consulj^honyl bromide 
(XLIl). 
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aa>-Dibromocamphor melts at 114°, [a] 546 i -f* 127° (in acetone) 
and it is only very slightly volatile in steam. When it is heated 
with concentrated nitric acid it yields aLo)-dibromo~oL'-nitrocam- 
phor, m.p. 129°, [a]jy —25-7°, and olol' u)4ribromocamphor at the 
same time some oxidation occurs with the formation of ca-bromo- 
camphoric acid. aa'co-Tribromocamphor is obtained also when 
aca-dibromocamphor is warmed with bromine or with phosphorus 
pentabromide.^ When alkali is added to an alcoholic solution of 
aca-dibromocamphor the rotatory power falls (+-99° to 4-81°), 
indicating the formation in solution of oi'oj-dibromocamphor^* 
This isomeride has been isolated by Burgess and Lowry by 

* Swarts, Ber, 1882,15, 2135. 

t Zeitfilr Chem. 1866, p. 628; Ber, 1882,16, 1622, 2136. 

♦ J,G.8. 1902, 81, 270. * Ibid. 1902, 81, 1451. 

« Kachler and Spitzer, Monatsh. 1882, 3, 218; 1883, 4, 666 ; Armstrong and 
J^wry, J.C.8. 1902, 81, 1462. 

1 Swarts, Ber. 1882,16, 1625; de la Roy^re, ibid. p. 1621. 

** Lowry, J.C.8. 1906, 89, 1037. tt j,c.8. 1923,128, 1873. 



408 CAMPHANE, IiSOCAMPHANE 

methods similar to those employed for the preparation of the 
a'-chloro- and bromo-camphors (compare p. 397). It has m.p. 
136°, M 5461 +65° (in* acetone, c==5). By the reduction of 
aoi-dibromocamphor with sodium amalgam Kachler and Spitzer * 
obtained a substance which they considered to be a hydroxy- 
camphor, but this has since been shown to be a-campholenic acid 
(XLIIJ). When treated with sodium methoxide or ethoxide a 
similar degradation occurs, a-bromocampholenic acid (XLIV) 
being obtained.^ These reactions, which are analogous to the 
conversion of a>-bromocamphor into a-campholenic «icid, are 
illustrated by the scheme: 
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OLTT-Dibromocamphor (XLV), m.p. 156°, [a]^)+128*2° (in 
acetone), was prepared by Kipping and Pope* by heating 
oL'hromommphor-TT'-sulphonyl bromide (XLVI) to 165°. It has been 
obtained also by the action of alkali on olol TT-tribromocamphor 
(XLVII).* On treatment with concentrated nitric acid it yields 
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* Mcmatsh. 1882, 3, 205; 1883, 4, 043. 
t Burgess, J.C.S. 1924,126, 2376. 

* Lapworth, ibid. 1899, 75, 574. 


» J.C.8. 1895, 67, 391. 
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a mixture of cLn-dibromo-oL -nitrocamphoTy m.p. 54"^, and ir-bromo- 
camphoric acid (p. 497)/ It can be reduced with zinc dust in 
acetic acid solution to 7r-bromocamphor. 

As in the case of aco-dibromocamphor, an alcoholic solution of 
aTT-dibromocamphor mutarotates ([a]^ +85® to +90®) on the 
addition of alkah, owing to the formation of o/Lir-dibromocamphor^ 
This isomeride has been prepared by Lowry and Burgess* by the 
methods adopted for the isolation of similar isomerides. It melts 
at 182°, [a] 54 fli +111-7° (in acetone, c = 5). 

Two isomeric tribromocamphors have been described, aa'a>- 
tribromocamphor, m.p. 63-04®, + 2® (in acetone) and ololtt- 

tribromocamphor, m.p. 69-70®. The former can be prepared by 
the bromination of aoi-dibromocamphor and the latter by the 
bromination of a7r-dibromocamphor.* 

Only two iodo-derivatives of camphor have been described. 
oi-lodocaniphor (XLVIII), m.p. 43-44°, [a]^) +160-42®, was ob¬ 
tained by Haller" by the action of iodine on the sodium derivative 
of camphor, whilst Briihn prepared it (a) by the action of iodine 
on camphor in the presence of sodamide, and (6) by the action of 
sodium methoxide on oL-iodo-oL-formylcamphor (XLIX), which 
can be prepared from hydroxymethylenecamphor (p. 458). 
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oLcn'-Di4odocamphor, m.p. 108-109®, [a]^) +28®, was obtained 
by BriihP* by the action of iodine on hydroxymethylene¬ 
camphor in the presence of alkali and by the action of sodium 
hypoiodite on iodoformylcamphor. According to Marsh and 
Struthers** aa'-di-iodocamphor is formed also when either 
dimercuricamphor di-iodide, CiQHi 40 Hg 2 l 2 , tetramercuritricamphor 

Lapworth and Kipping, J.C.S. 1896, 69, 308. 

+ Lowry, iHd. 1903, 89, 1037. » J.C.S, 1923y 123, 1876. 

« Lapworth, ibid. 1899, 76, 574. 

•• Diasertation, Nancy, 1879; Cornpt. rend, 1876, 80, 695; 1878, 87, 695, 843, 929. 

9 Ber. 1904, 37. 2156. Ibid. 2158. 

J,C.S. 1909, 96, 1777; compare Marsh, ibid. 1910, 97, 2410. 
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di-iodirfe,*(CioHi 40 ) 3 H[g 4 l 2 , or hexamercuripentacamphor di4odide, 
(CioHuO),Hgel2, are treated with iodine. aa'-Di-iodocamphor is 
somewhat unstable and, when warmed with sodium methoxide, 
it yields a mixtui'e of camphor and a-iodocamphor, whilst, when 
it is treated with magnesium and carbon dioxide, camphor-3- 
carboxylic acid is obtained.* 


NITROCAMFHOR AND ITS DERIVATIVES 

Although camphor cannot be directly nitrated, being oxidised 
by nitric acid (compare p. 394), a'-nitrocamphor can be prepared 
readily by the reduction of the halogenated nitrocamphors, the 
preparation of some ofwhich have been described on pp. 399, 401. 
The study of a'-nitrocamphor and the substituted nitrocamphors 
has been carried out mainly by Lowry and his collaborators and 
very interesting results have been obtained. 

oL'-Nitrocamphor, m.p. 102°, was first prepared by Schiff^ by 
the reduction of a-bromo-a'-nitrocamphor with alcoholic potas¬ 
sium hydroxide, whilst some years later it was obtained by 
Cazeneuve* by the reduction of a-chloro-a'-nitrocamphor with 
a zinc-copper couple. For the prejDaration of a'-nitrocamphor, 
Schilf’s method is convenient, the most suitable experimental 
conditions having been determined by Lowry and Steele.* It has 
been obtained also by the reduction of bromonitrocamphor with 
phenylhydrazine,” and by the oxidation of i^onitrosocamphor 
with potassium ferricyanide in alkaline solution.^ 

In 1898 Lowry made the important observation that nitro- 
camphor in benzene solution showed mutarotation, and he later 
studied this property in great detail, examining both the effects 
of solvents and of temperature.** He found that in benzene solu¬ 
tion the initial value, [aj^ —124°, fell to —104°, and that this 
change was associated with the presence of the secondary nitro- 
group (I), since, whilst 7r-bromo-a'-nitrocamphor (II) also showed 

* Bruhl, Ber. 1903, 86, 4290. 

t Ber, 1880,13, 1403. 

* BuU, Soc, chim, 1887 [ii], 47, 920. 

* J,C 8, 1916,107, 1038; compare Lowry, ibid, 1898, 78, 996. 

*> Forster, ibid, 1902, 81, 868. 

5 Forster, ibid, 1903, 88, 532. 

J,C,S, 1899, 75, 211; compare Lowry and Robertson, ibid, 1904, 86, 1650. 
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mutarotation, a-chloro-a'-nitrocamphor (III) behaved normally. 
Lowry connected this change in the rotatory power with the 
conversion of the true nitrocamphor (I) into the pseudo-iorm 
(IV), but Bell and Sherred* consider that it is more probably due 
to interconversion of stereoisomers, since the mutarotation is not 
accompanied by any intensification of the weak coloration given 
with ferric chloride solution. Although p6'ei^c/onitrocamphor lias 
not been isolated, it is known in the form of its salts, a number 
of which have been prepared. These are strongly dextrorotatory, 
the value for the sodium salt being [aJ^j +289^. 
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When a solution of nitrocamphor is evaporated on the 
water-bath, the anhydride of pseudonitrocamphor (V), m.p. 193°, 
[a]^, -I- 242°, is obtained.^ If this anhydride is heated above its 
melting-point or digested with alkali, it 3 delds camphorquinone 
(VI). The tendency for nitrocamphor derivatives to pass into 
camphorquinone is very marked, since Lapworth* has shown 
that both chloro- and bromo-nitrocamphors give on distillation 
camphorquinone, and the same change occurs when an alcoholic 
solution of bromonitrocamphor is exposed to air and light. 

By the action of formamide on a' -nitrocamphor, Lowry and 
Steele * prepared a second anhydride, m.p. 184°, [a] 54 gi — 6°, which 
has properties very similar to those of the anhydride, m.p. 193°. 


* J.C.8. 1940, p. 1202. 

* Cazeneuve, Bull. 8oc. chim. 1889 [iii], 1, 656; Lowry, J.C.S. 1898, 78, 996. 

* J.C.8. 1896, 69, 322. • Ibid. 1916,197, 1042. 
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It is possibly the ^m/i^-modificatioii (VII), the low rotatory power 
being due to the two *nitro-groups acting in opposition to one 
another. 
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a'-Nitrocamphor is readily oxidised by concentrated nitric 
acid to camphoric acid. When boiled with hydi’ochloric acid it 
yields camphoryloxime (VIII), m.p. 223^, [aj^) +7-0°, which can 
be prepared also by the action of hydroxylamine on camphoric 
anhydride.’^ At the same time the anhydride of this oxime (IX), 
m.p. 220°, [a]o +26*4°, is formed. On reduction a'-nitrocamphor 
yields ol- aminocamphor (p. 414). 


00 CO oc 



Although ^^ewcionitrocamphor has not been separated in a 
pure state, two bromo^^^eudonitrocamphors have been described. 
When cLcj’-dibro^no-oL'-nitrocamphor (X) is reduced either with 

♦ Cazeneuve, Bull. Soc. chim. 1889 fiii], 1, 417; Lowry, J.C.8. 1898, 73, 1002; 
1903, 88, 957. 
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alcoholic potassium hydroxide or with sodium ethoxide, oj- 
bromonitrocamphor^ is obtained, and the crystalline solid, whicli 
separates on acidifying the alkaline solution, is a mixture of the 
true nitro-form (XI) and the pseudo-form (XII). 
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By careful crystallisation, the pure p^ei^cfo-nitro compound, 
m.p. 132'', can be separated, but the normal form cannot be 
purified and obtained free from the isomeride. In solution a>- 
bromo-a'-nitrocamphor mutarotates; thus Lowry and Robertson^ 
obtained in benzene solution an initial value of [oL]jy + 5*8®, and 
a final value after four days of — 76*7°. co-Bromo-a'-nitrocamphor 
does not form an anhydride but, when heated with concentrated 
hydrochloric acid, (jj-bromocamplioryloxime, m.p. 112°, focJ/j 
+ 10*2°, is obtained. Very similar jiroperties are shown by 
TT-bromO’Oi'-nitrocamphory which can be prepared by the reductioji 
of (XTT-dibromo-oL-nitrocamphor (XIII).* The two isomeric forms 
of TT-bromo-a'-nitrocamphor were separated by Lapworth and 
Kipping and studied in greater detail by Lowry.® The pseudo¬ 
form (XIV), m.p. 142°, crystallised well from chloroform and 
showed mutarotation, the initial value in benzene solution being 
[a]/> +188° and the final value — 38°. The normal form (XV), m.]). 
108°, is much more soluble; it has an initial value of fa]jy — 51 °, 
which falls to -38°. When it is heated with hydrochloric acid 
it yields 7r-bromocamphoryloxime, m.p. 137-138°, +53°, 
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• Lowry, J.O.S. 1903, 88, 965. t 1904, 85, l.WH. 

♦ Lapworth and Kipping, ibid. 1896, 69, 309. * J.C.S, 1899, 76, 223. 




414 CAMPHANE, /SOCAMPHANE 

which was prepared originally by Lapworth* and designated 
by him ftSO-Tr-bromonitrocamphor. 

By the reduction of a'-nitrocamphor with sodium amalgam in 
alcoholic solution SchifF^ prepared cl- aminocamphor (XVl). It 
can be obtained also by the reduction of aco-dibromo-a'-nitro- 
camphor with zinc dust in acetic acid solution,* by the reduction 
ol* /^^onitrosocamphor with the same reagents,** and by the action 
of ammonia on camphorquinone." a'-Aminocamphor is a waxy 
solid, which according to Tiemann^ has m.p. 110-115°, b.p. 
246*4°. Jt can be readily characterised by the preparation of its 
crystalline salts, the hydrochloride melting at 223-225°. It yields 
on reduction with sodium in alcoholic solution aminoborneol 
(XVII), m.p. 187°,** from which by the action of phosphorus 
pentachloride 2-chlorO‘3-aminoca7nphane (XVITI) was prepared. 
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Unlike most a-substituted derivatives of camphor, a'-amino- 
camphor readily yields a crystalline oxime, m.p. 144-145°, 
Md + 60*5°.** When a'-aminocamphor hydrochloride is treated 
at 150° with formaldehyde it gives camphorquinone.** We are 
indebted to Forster and his collaborators for a study of a number 
of interesting derivatives of a'-aminocamphor. It had been 
observed by Rupe ” that when a'-aminocamphor was treated with 
potassium cyanate it gave camphorylcarbamide (XIX), m.p. 169°. 
By slightly modifying the experimental conditions Forster and 
Fierz"" prepared a>nimmeTid<d,camphoryUil7-carbamide, m.p. 184°, 
w hich undoubtedly has formula (XX), since on treatment with 

♦ J,(\S. 1896, 69, 322. + Ber, 1880,13, 1404. 

* Kachler and Spitzer, MoncUsh. 1883, 4, 667. 

® Claisen and Manasse, A7inal€n, 1893, 274, 90; Rupe, Ber, 1896, 28, 777; Duden 
and Pntzkov, ibid, 1899, 82, 1639. 

II Rupe and Vignano, Helv. Chim. Acta, 1937, 20, 1078. 

5 Ber. 1897, 80, 322. 

Duden and Macintyre, ibid. 1898, 31, 1902; 1900, 33, 481. 
t+ Lapworth and Harvey, J.C.S. 1902, 81, 550. 

** Rtipe, fiuxtorf and Flatt, Helv, chim, Acta, 1930,13, 1026. 

*« Ber, 1894, 27, 684; 1896, 28, 778. J.C.S. 1906, 87, 110, 718, 826. 
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hydroxylamine it gave an oxime (XXI), m.p. 202-203°, identical 
with that which had been prepared by Lapworth and Harvey 
by the action of potassium cyanate ou a.'-aminocamphoroxime 
(XXll). 
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By treatment of camphoryl-^-carbamide with nitrous acid a 
m^/*050-derivative (XXIII) was obtained, which, on reduction 
with zinc dust, gave mmphoryl-ijf-semicarbazide (XXIV). This 
semicarbazide reacted readily with ketones to yield semicar- 
bazones remarkable for their high rotatory power. From the 
semicarbazide by the action of nitrous acid camphorylazoimide 
(XXV), m.p. 67°, [aJjj — 361*6°, was prepared, which gave on 
treatment with alkali oL-iminocamphor (XXVI). a'-Amino- 
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camphor reacted with benzenediazonium hydioxide to yield 
mnijf)hordiazoami7ioberhpene (XXVIl), m.p. 150°,* whilst, by the 
action of chloramine, N-cIdoroaminocmnphor (XXVIII), m.p. 43°, 
was obtained.^ 

In 1881 Schiff,* by the action of nitrous acid on aminocamj)hor, 
prepared diazocamphor (XXIX). m.p. 75°, which, when heated, 
passed into a ketone, CioHi 40 , m.p. 168-170°, characterised by 
the preparation of an oxime, m.]). 132°, and a semicarbazone, 
m.p. 243-244°. This ketone was investigated by Angeli,* who 
concluded that it was the unsaturated ketone (XXX). This 
formula, in view of the ])osition of the ethylenic linkage, ai)peared 
to be very improbable, and the investigations of l^redt and Holz" 
have shown camphenone to be the tricyclic ketone, ^-perici/cZo- 
camphanone (XXXI), which is also termed mocyclenone. A more 
convenient method for the preparation of the ketone is from 
camphorquinonehydrazone (XXXII), vhich, by the action of 
mercuric iodide, gives diazocamphor. 
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The constitution of the ketone was established in the following 
maimer. When the oxime (XXXIV) was digested with acetyl 
chloride it behaved in an exactly similar manner to camphor- 
* Forster and Garland, J.C.S. 1909, 96, 20«57. 

t Forster and Schlaepfer, ibvd, 1914,106, 2770. t Ber, 1881,14, 1375. 

S Gazzetta, 1894, 24, ii, 44; Ber, 1895, 28, 819. 

>1 J. pr. Chem. 1917 [ii], 96, 133; see also Ishidate and Isshiki, BulL C.S. Japan, 
1942,17, 602. 
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oxime (p. 434), ring fission occurring with the formation of the 
nitrile of cyclocampAofemc acid (XXXV), m.p. 78-80°, which 
gave on hydrolysis cyoiocampholenic acid (XXXVI), m.p. 108- 
110°. By oxidation of the unsaturated acid with potassium per¬ 
manganate cycXoimcamjyJioronic acid (XXXVII), m.p. 228-230°, 
was prepared. Ring fission may also be brought about by treat¬ 
ment of the ketone with trichloroacetic acid; the product on 
saponification gives 5-hydroxycamphor (XXXVIll), m.p. 222°.’*' 
On reduction, jS-])ericycZocamphanone yields the corresponding 
alcohol, ^-pericyi^iocamphanoL m.p. 174- 176°,^ [a]^; +36-69°, 
phenyl urethane, m.p. 106-108'; from the hydrazone, m.p. 77°,^ 
pericyolocamphane, m.p. 117 118°, was j)repared by Kishner’s 
method. When ^-perirycZocamphanone is treated with hydrogen 
bromide it yields a bromocamphor, m.p. 114°, [aj^^ +13-23°, 
which is probably ^-bromocamphor (XXX JX). On bromination, 
a dibromocamplior, m.p. 58-59\ is formed, but this has not been 
orientated. 
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Takouchi, JScL Pap. Inst. Phys. Chem. lies. Tokyo, 1934, 23, 288. 

+ Since this alcohol is capable of existing in storeoisomeric modifications, the 
recorded melting-points are somewhat variable. Lipp, Oeckinghaus and Conze 
{Ber. 1941, 74, 6) recorded m.p. IHO-ISF {Z'.iS-dinitrohenzoate, m.p. 116®) for a 
specimen obtained by hydrogenation of the ketone. 

♦ Compare Briussova, J. Gen. Chem. Russ. 1936, 6, 667. 
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a'-Aininocamphor has been used in a number of synthetical 
operations more especially by Duden and his collaborators, for 
an account of which the original literature should be consulted; 
of particular interest is the formation of pyrazines.^ 

In 1895 Tiemann^ described a substance termed ^^oamino- 
camphor, m.p. 39^ which was isomeric with a'-aminocamphor. 
This was prepared by the action of hydrogen iodide on cami)hor- 
oxime and also by the action of this reagent on a- or j8-campholen- 
amide. Forster and Howard^ concluded that it was <x}-amino- 
camphor (XL) since ii could be prepared by the action of ammonia 
on a>-bromocam])hor (XLl); when distilled at the ordinary 
pressure it gave ^-cximpholevamide (XLIT). More recently, 
however, Asahina and Tsukamoto'* have shown that the sub¬ 
stance is not a true amine, and is probably dihydro-^-campholenO’ 
imifwlactone (XLIIl). Its formation by the action of ammonia 
on co-bromocamphor is explained by the intermediate trans¬ 
formation of the latter into ^-campholenic acid (XL IV), a change 
which is known to occur in the presence of alkali. The conversion 
of '‘i^joaminocamphor” into dihydi’ocam])holenolactone (XLV) 
on boiling with water is also readily understandable. 
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A number of amino-acids and betaines of the camphor series 
have been prepared by Rupe and Martin." 


♦ Compare Rupe and Vignano, Udv, Chirn, Acta, 1937, 20, 1078. 
t Her. 1896, 28, 1082; 1897, 30, 321. t J.C.S. 1913, 103, 63. 

» Bfr, 1938, 71, 305. 

II ndv, Ghim. Acta, 1934, 17, 1263. 
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THE CAMPHOR-SULPllONIC ACIDS 


AltJiough by the action of sulphuric acid on camphor and its 
derivatives degradation either to alicyclic ketones or aromatic 
phenols may result, it has been found possible to prepare 
camphor- and substituted camphor-sulphonic acids. The intro¬ 
duction of these acids by Pope in 1898 for the resolution of 
externally compensated basic compounds has been of very great 
value in the develo])ment of stereochemistry. 

By the action of sulphuric acid on camphor dissolved in acetic 
anhydride Reychler”^ prepared a sulphonic acid which crystal¬ 
lised from either ethyl acetate or acetic acid in [uisms, m.p. 
193-195'\ and consisted of di-camphor a>- (or 10-) sulphonic acid. 
The constitution of this acid was established later as the result of 
the investigations of Armstrong and Lowry,^ Bredt, Rochussen 
and Hcusch,* Wedekind, Schenk and Htiisser,® Lipj) and Laus- 
berg" and Buigess and Lowry,** and, for the reasons detailed on 
p. 389, there can be no doubt that it must be roju'esented by 
formula (I). The acid can be characterised by the pre[)aration of 
the oximCy m.p. 177-178'". 


(Mi*.805,11 

HjjC-(!:-oo 

H,C.(!3. 

HjC-in 


• CH, 
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By the siilphonation of i-camj)hor and fi/-caniphor the corre¬ 
sponding laevorotatory and externally conii)ensated sulphonic 
acids have been prepared. The latter was first resolved into its 
optical enantiomorphs hy Rewald,** the optimum conditions for 
effecting this resolution having been determined by Burgess and 
Gibson.^^ The following rotatory powers have been quoted for 
the acids: ra] 546 i -f 28*27°, — 28*3°. The reactions of the acid have 
been studied in some detail. Like other derivatives of camphor 
containing the substituent in the co-position it passes readily into 

^ Bull. Soc. chim. 1898 [iii], 19, 120. + J.C.S. 1902, 81, 1414. 

» Ber. 1902, 36, 1290. S Ibid. 1922, 56, 640. 

Annakny 1924, 436, 274. 1 J.C.B. 1925, 127, 279. 

Ber. 1909, 42, 3136. t+ J.N.V.I. 1925, 44, 296. 
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a-campholenic acid, the change in the case of the sulphonic acid 
being most readily effected by fusion with potassium hydroxide.”^ 
When reduced with sodium in alcoholic solution a mixture of the 
two stereoisomeric forms of the hydroxy -acid (II) is formed, which 
on dehydration gives a sultone, m.p. 133-5*^, a substance which 
can also be i)repared by the treatment of camphene (III) with 
sulphur trioxide in acetic acid solution. Lipp and HolP assigned 
formula (IV) to the sultone, but according to Asahina, Sano and 
Mayekawa^ the substance is actually an isocamphane derivative, 
and is to be represented by formula (V); it may also be obtained 
by dehydration of 2-hydroxycamphane-TT-sulphonic acid (VI). 
A Wagner change is involved in the formation of the sultone from 
either of the hydroxysulphonic acids (II) and (VI); in addition, 
a rearrangement of the Nametkin ty])e (see p. 162) must occur in 
the former instance. 
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It was observed by Reychler that when camphor-w-sulphonyl 
chloride, m.p. 67-68°, was treated with ammonia two amides 
were formed. These were subsequently investigated by Armstrong 
and Lowry ^ and by Lowry and Magson.*' One of them was 
found to be the normal amide (VII), m.p. 132°, whilst the second 
was an anhydramide (VIII), m.p. 223*^. The conversion of the 

* Bredt, Kochussen and Heusch, Ber, 1902, 36, 1290. 

+ Ber. 1929, 62, 499. * Ibid. 1938, 71, 313. 

« J.C,8. 1902, 81, 1448. li Ibid. 1906, 89, 1046. 
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amide into the anhydramide takes place with remarkable facility, 
the addition of a trace of alkali being sufficient to occasion the 
change. Some further reactions of the anhydramide have been 
described by Shriller, vSholton and Sutherland.^ When hydro¬ 
genated in the prevsence of nickel it gives the sidtum (IX), which, 
although theoretically capable of existing in two stereoisomerie 
modifications, was isolated as a single form, m.]). 181-182". On 
methylation with methyl iodide, the ^-fnethylsiiltam (X), m.p. 
80"^, was obtained, which underwent ring scission on treatment 
with concentrated hydrochloric acid to give 2-(N-mrthyhmlno)- 
camphane’Ojsulphonic acid (XI), m.j). 325-321)". This substance, 
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which on dehydration is reconverted into (X), has also been 
encountered by Shriner in his investigations on the structures of 
the amine salts of camphor-a>-sulphonic acid.^ The anomalous 
mutarotation displayed by the salts (XII) formed with primary 
amines suggested that on dehydration they were ca])able of 
reacting in the ketimine form (XIII) rather than as the sul])hon- 
amide (XIV). 
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« J. Amer. C.S. 1938, 60, 2794. 

t Shrinereeal../.Awgr.C.iS. 1936,67,1306,1445,1896; 1936,68,62; 1938,60,1314. 
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By dehydration of the methyiamine salt, the ketiinine (XIII, 
R=:CK^), m.p. 312-313°, was obtained, the structure of which 
was proved by hydrogenation to be a mixture of two stereo¬ 
isomers, one of which was identical with the xV-methylamino 
compound (XI). 

Similarly, dehydration of the aniline salt gave a phenyl- 
letimine (XIII, iJ^CgHg), m.p. 294-295°, from which the 

-phenyl analogues of (X) and (XI) were prepared. The true 
anilide (XIV, R = Cq}1^) of camphor-co-sulphonic acid can be 
obtaineci by treatment of the sulphonyl chloride with aniline; 
it has m.p. 121°, fajff" 4-76° (in chloroform) and shows no 
inutarotation. 

As was mentioned on p. 387, when camplior-w-sulplionyJ- 
bromide is heated to about 130° it yields co-bromocamphor ; the 
(•oiTes])onding chloride cannot, however, be prepared in a similar 
manner from the sulphochloride. ct-Chloro- and cf.-bromo-c<imphor- 
co-sulphovic acids have been obtained by the sulphonation of 
a-chloro- and a-bromo-camphors.’^ Acc;ording to Pope and Read,^ 
who have determined the rotatory power of a number of its salts, 
the bromosul})honic acid melts at 47-5°. 

When rf-camphor is treated with either fuming sulphuric acid 
or chlorosulphonic acid dl-cumphor-7T-sulphonic acid (XV) is 
obtained, camphor being racemised during the reaction.^ The 
acid can be purified by conversion into the crystalline sulphonyl 
chloride, m.p. 105-5-106-5°, and characterised by the preparation 
of the amide, m.p. 133-5-136*5°*. Whilst the direct sulphonation 
of camphor gives the externally compensated acid, the optically 
active modifications can be prepared by the reduction of the 
d- and i-a-bromocamphor-7r-sulphonic acids." With the aid of 
strychnine, Pope and Read ^ resolved the externally compensated 
acid and found the ammonium salts of the active acids to have 
the rotatory powers [a]j^ + 80-5° and ~ 80-1 ° in alcoholic solution. 

^ Armstrong and Lowry, J.C.S. J902, 81, 1461; Lowry and Magson, ihid. 1906, 
89, 1047. 

+ Ihid. 1914,105, 800. 

♦ Kipping and Pope, ihid. 1893, 63, 649; 1896, 67, 367. According to Poggi and 
Pasquarelh (Ann. Chim. applicata, 1947, 37, 321; 1948, 38, 71) the best results are 
obtained by the use of methyl chlorosulphonate. 

• Several JV-substituted camphor-Tr-sulphonamides have been described by 
Mousseron, Granger and Claret (Bull. Soc. Chim. 1947 [v], 14, 868). 

II Kipping and Pope, ihid. 1896, 69, 368; Kipping, ihid. 1901, 79, 372. 

5 Ibid. 1910, 97, 992. 
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By the reduction ui camphor-7T-sulphonic acid with sodium 
and alcohol, Asaliina, Sano and Mayekaw a^ obtained the sodium 
salt of 2-hydroxyc<]imphane-7r-sulphomc acid (VI); on treatment 
with hydrochloric acid this was converted into the sultone, m.]). 
133'', to wlii(*h reference has already been made on p. 420. 
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When d/-eam})hor-7r-sulphonvl ('hloride is heated to 190 ^ it 
yields n-chlorocamphor (XVI) vliich on resu]j)honation gives 
TT-clilorocamjihor-TT-tiulphonk acid (XVI1). This w^as converted by 
Wedekind and Stusser*^ into the chlorosidphoxide (XVllI), m.]). 
190°, which on oxidation with [)ermanganate gave isoketopinic 
acid (XIX), m.[). 250°. A similar reaction has been carried out 
by Hassclstrom on the hromoHulphoxidc, ni.p. 137°. 
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Reduction of cainphor-7r>sulphonyl chloride with tin and 
hydrochloric acid gives camphor-TT-thiol (XX), m.p. 94°, 

-f 108-7°, which can be oxidised to the disulphide, m.p. 215°.* 

* Her. 1938, 71, 312. + Ibid. 1923, 56, 1557. 

* Annal. Acad. Set. Fennicae, 1929, A, 30, no. 12. 

* Tukamoto, J. Pharm. Soc. Japan, 1939, 69, 37. 
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By the sulphonation of a-chloro-ei-camphor with fuming 
sulphuric acid, Kipping and Pope* prepared a-chloro-d-camphor- 
TT-suIphonic acid, m.j). 185°. Although the acid so obtained was 
apparently homogeneous, the investigations of Kipping and his 
collaborators^ have shown conclusively that it is actually a 
mixture of oL-chloro- and oL'-chloro-d-camphor-TT'Sulphonic acids 
(XXI) and (XXIa), although neither of these acids has been 
obtained pure.^ 
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The sulphonyl chloride melts at 123-124° and the sulphonyl 
bromide at 145°; on heating to about 150° they yield res])ectively 
OLTT-dichloro- and aL-chloro-7T-bromocam2>hors. 

The related cn-bromocamphor-TT-sulphonic acid was prepared by 
Kipping and Pope * by the sulphonation of a“bromocam])hor and, 
like the chloro-acid, it is probably a mixture of a-bromo-rf- 
camphor-7T-sulphonic acid and a'-bromo-r/-camj)hor-7r-sulphonic 
acid. These acids have not been se])arated, but tlieir hydrinclamine 
salts have probably been obtained pure.” a-Bromo-d-camphor- 
TT-sulphonic acid has m.p. 195-196°, [a]^ +88*27°. The amide, 
m.p. 145°, shows mutarotation in alcoholic solution in the 
presence of a trace of alkali, thus behaving in a similar manner 
to other a-substituted camphors.’ The })ropertics of this acid, 
which has been used extensively in the resolution of externally 
compensated bases, have been very thoroughly investigated and 
it is only possible to refer to a few of the more important of its 
reactions. By oxidation of the ammonium salt with potassium 
permanganate, Lapworth and Kipping** obtained d-camphoric 

^ J.C,S. 1893, 63, 693. 

+ Ibid. 1906, 87, 628, where full references to the literature are given. 

* Kipping, Proc. C.8. 1905, 21, 293. 

* J.C.8. 1893, 63, 677; compare IngersoU and Babcock, J. Amer. C.S. 1933, 66, 
341; Regler and Hein, J. pr. Chem. 1937 [ii], 148, 1. 

II Kipping, Proc. C.8. 1905, 21, 124. 

5 Compare Lowry and Magson, J.C.S. 1906, 89, 1045. 

♦♦ J.C.8. 1897, 71, 8. 
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acid-TT-sulpJionic acid (XXII), the same acid being obtained by 
oxidation with nitric acid. If, however, concentrated nitric acid 
be used, then, in addition to this acid, aoi'-dibromocamphor- 
'jT-sulphonic acid (XXIIl), m.p. 245-252"", and oLOi'-dibromocam- 
phor-7T-8ulpholactone, m.p. 188-189"", are ol)tained.’*' The dibromo- 
acid can, however, be prepared more conveniently by bromina- 
tion of the ammonium salt of the sulphonic acid. By heating the 
sulphonyl chloride and sul])honyl bromide, Tr-chloro-oL-hrorno- 
camphor and aLir-dibromocamphor are formed. 
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The mechanism of the sulphonation of cam])hor, particularly 
in view of the controversy concerning the structure of the 
‘"/3""’Sulphonic acid (p. 389), is of considerable interest, but it 
is only comparatively recently, with the recognition of the 
Nametkin type of isomerisation, that it has been possible to 
suggest a simple series of changes which will explain the formation 
of the cj- and of the 7r-acids. Asahina^ suggests that camphor, in 
the form of its hydrate (XXIV), undergoes a Wagner rearrange¬ 
ment to 1-hydroxycamphene hydrate (XXV), which then de¬ 
hydrates to give 1-hydroxycamphene (XXVI): this then adds 
sul})huric acid to form (XXVII), which by a further Wagner 
rearrangement is transformed into camphor-co-sulphonic acid (I). 
If on the other hand the conditions are such that the 1-hydroxy¬ 
camphene hydrate (XXV) can undergo a Nametkin transforma¬ 
tion into 4-hydroxycamphene hydrate (XXVIII), this would 
then dehydrate to give 4-hydroxycamphene (XXTX) which 
would add sulphuric acid to form (XXX). A second Nametkin 
rearrangement then gives (XXXI) which after a final Wagner 
change results in the formation of the 7r-sulphonic acid (XV). 
Support for the first part of the scheme is provided by the 

♦ Lapworth, J.C,S. 1899, 76, 669. 

‘I’ Proc. Imp, Acad, Tokyo, 1937, 13, 38; compare Lipp and Knapp, Ber, 1940, 
78, 916. 
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observation that 1-hydroxyoampheiie on treatment with sul¬ 
phuric acid gives the a>-sulphonic acid more rapidly than camphor 
under the same conditions. It is, of course, improbable that tlio 
hydrates (XXIV), (XXV) and (XXVIII) could exist as such 
under the conditions of sulphonation, but they could equally well 
be replaced by sulphates or acetates in the above scheme. 


THE HYDR0XYCAMPH0R8 

The existence of a number of structurally isomeric hydroxy- 
camphors is possible, and all except one (G>hydroxycamphor) 
have been described. In 1897 Manasse*^ obtained by the reduction 
of camphorquinone (I) with zinc dust in acetic acid solution tv o 
isomeric hydroxycamphors, O 10 H 16 O 2 , m.p. 203-205° and 212- 
213°, which he designated, somewhat unfortunately, a- and 
j3-hydroxy camphors, and he regarded them as stereoisomer ides 
having the structures (II) and (Ila). Subsequently a-hyclroxy- 
camphor was prepared by Lapworth and rhay>man^ by heating 
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hydroxycamphorcarboxylic acid (III) above its melting-point. 
This method of preparation left no doubt that a-hydroxy camphor 
was a true derivative of camphor. Since, in many of their 


♦ Her. 1897, 30, 669. 
t J.C,S, 1901, 79, 384. 
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reactions, the two hydroxycamphors did not behave as if they 
were stereoisomerides, they were studied simultaneously by 
Karrer and Takashima^ and by Forster and Shukla,^ who indepen¬ 
dently concluded that the j8-hydi‘oxycamphor was the oxide (IV). 
A prolonged reinvestigation by Bredt and his collaborators^ has 
shown this to be incorrect, a-Hydroxy camphor, rf-, m.p. 197- 
198°, [ajj; +17-3°, sernicarbazone, m.p. 183-184°, dl-, m.p. 200°, 
spmica)bazone, m.]). 182 183°, is a true hydroxycamphor (II), 
since it gives on reduction with sodium amalgam d-cam])hor.* 
On oxidation with lead tetra-acetate in the presence of water it 
gives camphoric acid Hoc.-semialdehi/dp (V), m.p. 126-127*5‘, 
[ajfj" + 38° (in benzene), 2 A-dinitrophenylhydrazone, m.p. 224°, 
oxime, m.p. 142-143-5°, sernicarbazone, m.j). 190°." a-Hydroxy- 
camphor can theoretically exist in two stereoisomeric modifica¬ 
tions, and Ru])e and Muller‘S by the hydrogenation of camphor- 
quinone have obtained a stereoisomer, m.p. 210-211°, 

+ 115-6° {sernicarbazone, m.]). 199-201°). 

j8-Hydroxycamphor, rf-, m.p. 211°, [a]^ +9-05°, dl-, m.p. 211 
213°, sernicarbazone, m.p. 215-216°, can bo most conveniently 
separated from the a-isomeride by etherification, when it yields 
a sparingly soluble dimolecular methyl ether, m.p. 37-38°. It 
forms the sole y)roduct when cam])horquinone is reduced with 
aluminium amalgam in ethereal solution. Unlike a-hydroxy- 
camphor, on reduction with sodium amalgam it does not yield 
camphor, but e})icamphor (VI), and it is therefore the structural 
isomeride, 2-hydroxyepicamphor (Vil); on oxidation with lead 
tetra-acetate in the ])resence of water it gives camphoric acid tert 
semialdehyde (VIII), m.]). 76-77-5°, +112-2° (in benzene), 

2'A-dinitrophenylhydrazone, m.p. 220°, oxhne, m.p. 160-161°, 
sernicarbazone, m.]). 204-5-206°.’^* It a])y)arently owes its formation 
to the reduction of camphorquinone proceeding in accordance 
with the scheme: 

Udv. Chem. Acta, 1925, 8, 242. 

t J,C.S, 1925, 127, 1865. 

* Bn'dt and Ahrens, J. pr. Chern. 1926 [uj, 112, 273; Bredt, tbid. 1929 [ii], 121, 
163; Bredt and Bredt-Savelsberg, Ber. 1929, 62, 2214; Bredt and Fischer, J. pr. 
Chem. 1931 [ii], 131, 49. 

• Ishidate, J. Pharm. Soc. Japan, 1928, 48, no. 5, 77. 

Baer, J. Amer. C.S. 1942, 64, 1416. 

9 Hdv. Chim. Acta, 1941, 24, 265 £. 

♦♦ Baer, J. Amer. C.8. 1942, 64, 1416. 
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It is of interest to note that 2-hydroxyepieainphor is largely 
converted into 3-hydroxy camphor (II) when it is digested with 
alkali, the salt of the dienol in this case also being an intermediate 
stage in the reaction.’*' 

The urine of dogs which have received food containing camphor 
was considered by Schmiedeberg and Meyer ^ and by Magnus- 
Levy^ to contain a hydroxy camphor, which was excreted in 
combination with glucuronic acid.® The hydroxycam])hor (cam- 
pherol), prepared from this by hydrolysis, has been shown by 
Asahina and Ishidate" to be a mixture of 3-hydroxy camphor 
(Manasse’s a-hydroxycamphor), 5-hydroxycamphor (IX) and tt- 
(8 - or 9-) hydroxycamphor (X). 

5-Hydroxycamphor, m.p. 225"", [a]|>” -|-43*8° (in alcohol), 
p-nitrobenzoate^ m.p. 158-159^, semicarbazont, m.p. 233°, on 
oxidation gave p-diketocamphane (XI), m.j). 210-212°, 
-pl06°, which had been prepared by Bredt and Goeb^ by the 
oxidation of 6-hydroxye})icamphor,*’*' and also by the oxidation 
of camphor with chromic acid. Reduction of the diketone with 


Bredt and Fischer, J. pr. Chem. 1931 [ii], 131, 56. 

+ Z. phya. Chem. 1879, 3, 422. ♦ Biochem. Z. 1907, 2, 319. 

8 For further details regarding the products obtained from feeding experiments 
with camphor and its derivatives, reference should be made to the following papers: 
Asahina and Ishidate, Ber. 1935, 68, 947; Ishidate, Kawahata and Nakazawa, ibid. 
1941, 74, 1707; Reinartz et al., ibid. 1934, 67, 548, 589, 1536; 1935, 68, 310; 1939, 
72, 1; Sahashi et aJ., Sci. Pap. Inaf. Phya. Chem. Rea. TokyOy 1934, 25, 47. 

II Ber. 1928, 61, 533; 1931, 64, 188; 1933, 66, 1673. 

5 /. pr. Chem. 1920 [ii], 101, 273. 

♦♦ Prepared by the oxidation of borneol (see p. 361). 
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sodium and alcohol^ regenerates 5-hydroxy camphor; further 
reduction, with sodiurp amalgam, gives camphor. The hydroxy- 
ketone is also formed by the hydrolytic fission of the cycZopropane 
ring in ^-pericyclocampJianonp (XII).^ When the semicarbazone 
is reduced by the Kishner-Wolff method with sodium ethoxidc, 
it gives epiborneol (XITI). 
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d-tra>ns-7T-Hydroxycamphor (X), m.p. 233^^, 4-62*2° (in 

alcohol), semicarbazone y m.p. 224-225°, identical with that 
isolated from campherol, has been obtained synthetically by 
Asahina and Ishidate* by the reduction of the methyl ester of 
?6*oketopinic acid (^mn^-Tr-apocamphor-?-carboxylic acid) (XIV) * 
with sodium and alcohol, and also by the treatment of rr-bromo^ 
camphor (XV) with potassium acetate, followed by saponifica- 

This preferential reactivity of the 5>keto group is shown also by the formation 
of a 5-mono8emicarhazonef m.p. 238-240°, the structure of which is proved by 
Kishner-Wolff reduction to bomeol (Asahina and Ishidate, Ber, 1934, 67, 71). If, 
however, 2 :5-diketocamphano is hydrogenated over platinum, it gives 2 : ^-dihydroxy- 
camphane {5-hydroxybomeol)y m.p. 263° (Alder and Stein, Artruden, 1936, 525, 221), 

^ Takeuchi, Sci, Pap. Inst. Phys. Chem. Res. Tokyo, 1934, 23, 288; 25, 66 . 

* Ber. 1934, 67, 71. 

* For practical reasons, the reduction was actually earned out on the semi- 
carbazono. 
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tion.* The cZZ-form also melts at 233°. di-di^-iT-Hydroxycaniphor 
(Xa), m.p. 233°, [a]/^“ 4-40*7° (in alcohol), semicarbazone , m.]). 
216-217°, is prepared from the ci^-form of (XIV). On oxidation 
with chromic acid, the respective TT-formyl^TT-apocamphors are 
obtained: trans-, m.p. 204-205°, disemicarbazone, m.p. 340°; cis-, 
(XVI), m.p. 205°, disemimrbazone, m.p. 256°. Reduction of the 
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semicarbazones of trans- and of cis-7r-hydroxycamphors with 
sodium ethoxide gives respectively d- and l-7r-borneol (XVII) 
(dihydroteresantalol) (see p, 270), m.p. 200*5°, [ajj?" *+17*7'’, 
—16*8° (in alcohol), which on oxidation give 7r-camphor (XVIII) 

♦ Sahashi and Iki, 8ci. Pap, Inst, Phys, Chem, Rea, Tokyo, 1934, 25, 73; compare 
Asahina and Ishidate, Ber, 1935, 68, 947. 
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{dihydroteresantalal)y m.p. 172-173° {semicarbazone, m.p. 214- 
215°). When left in contact with water, in the absence of oxygen, 
7r-formyl-7r-apooam})hor undergoes a remarkable cleavage of 
the aldehydic group, which is liberated as formic acid, resulting 
in the formation of santenone {XIX).^ 

d-to- (10-) Hydroxycamphor^ (XX), m.p. 220°, +48*6° 

(in alcohol), semicarbazoney m.p. 213°, has been obtained by 
reduction of the methyl ester of keto])inic acid (XXI) with sodium 
and alcohol* and also by treatment of cD-bromocamphor (XXII) 
with potassium acetate, followed by saponification of the ester.® 
On oxidation with chromic acid it gives the aldehydo-ketone 
(XXIII) {(Ai-Jcetocarnphor), m.p. 210-213°, + 75° (in alcohol), 

whilst reduction of its semicarbazone with sodium ethoxide gives 
co-borneol (XXIV), m.p. 200-201°, oxidised to ay-camphor (XXV), 
m.p. 187-189°. 
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\-4-Hydroxycamphor (XXVI), ni.p. 260°, [a]Jj“ —16°, has been 
obtained by Houben and Pfankuch” from the amide of camphor- 
4:-carboxylic acid (XXVII), m.p. 207-208°, which is converted 

* Ishidato and 8ano, Ber. 1941, 74, 1189. 

+ The substance designated -hydroxycamphor by Forster and Howard 

{J.C.S. 1913, 103, 63) was formulated by them on the basis of a similar structure 
postulate® for “t«oaminooamphor”. This has now been shown to bo erroneous 
(see p. 418), and it is very doubtful whether their substance was actually a hydroxy- 
camphor. 

* Asahina and Ishidate, Ber. 1934, 67, 1202. 

» Iki, Set. Pap. Imt. Phys. Ghent. Bee. Tokyo, 1934, 25, 78. 

II Annalen, 1931, 489, 193. 
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into 4,-a7mnocamp}ior (XXVIII), m.p. 230-232^, the latter coin- 
pound then being treated with nitrous acid. Owing to the tertiary 
nature of the hydroxyl group, the subbtaiice is very stable 
towards oxidation with chromic acid. 


CH 3 

—c —CO 

n^v I CH, ! 

1 i 
-c- cn 

I 

CONHg 
(\X\ 11) 


CH, 

I 

\UC - V -CO 

H,(' I' CH, 

H,C- ('-CJl, 

JjH, 

(\.\M 1 I) 


t'H, 

H/’- (-CO 

HjC C ( H , I 

11,C-(' ClI, 

('.H 

(XX\I) 


iSOMJi REACT lays INVOLVING THE 
CARBONYL GROUP 

Although, when oanijihor is warmed with pho8i)horu& penta- 
chloride, it undergoes deeomjiosition with the formation of 
^-cyinene and carvacrol, this reagent can react normally ajid 
cause the replacement of the oxygen atom of the carbonyl group 
by chlorine. Since the pioneering exi)eriments of Gerhardt,"^ the 
reaction has been the subject of numerous investigations,^ but 
it is only comparatively recently that a clear insight into the 
mechanism of the reaction has been obtained and the products 
which are formed isolated in a state of purity. It has been shoAV 11 
by Meerwein and Wortmann* that, under very carefully defined 
conditions, camphor reacts with phosphorus pentachloride to 
yield oL-camphor dichloride {oL-dichlorocamphane) (2.2'dichloro- 
camphane) (I), m.p. 155-156'', the products described by previous 
investigators being mixtures. The difficulty in separating this 
dichloride is due to its tendency to undergo the pinacon-pinacolin 
rearrangement. If it is allowed to stand in toluene solution 
with stannous chloride, it is isomerised to ^-camphor dicMoride 
(P-dichlorocarnphane), m.p. 178-179°, which is obtained also if 
the temperature is allowed to rise during the interaction of 

^ Traitdj m, 694. 

t Inter at., Spitzer, Annalen, 1879,196, 262; 1880, 200, 361; Marsh and Gardner, 
J.r.ASf. 1897, 71, 290; Marsh and Hartndge, tbid. 1898, 73, 852; Bredt, Annalen, 
1900, 314, 369. 

* AnncUeHf 1923, 435, 190. 
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camphor and phosphorus pentachloride. Although this chloride 
was formulated by Meerwein and Wortmann as 2:6-dichloro- 
camj)hane (II), more recent exj>eiiments, which have already 
been discussed on p. 304, have shown it to be 2: ^-dichlorocam- 
2 >liane (III), the formation of which involves an isomerisation of 
the Nametkin type. 


CH, 


H,c-i;- 




Cl 


HaC.l^Ca 

-in— (’H. 




(») 


(H 3 

CICH- V -CHCl 

Haci'.CHa 

ihv — (in—CH2 
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CH3 

H«C- h - CHCl 




_ C(«1 - CHg 

(ITT) 


In 1883 Nacgeli^ observed that cam]:)hor reacted readily with 
hydroxylamine to yield an oxime and thus conclusively proved 
the presence of the carbonyl group. d-Camphoroxirne, which can 
be conveniently prepared by the method used by Auwers,^ melts 
at 119°, fa]jD — 42-40°, whilst the enantiomorph prepared from 
Z-camphor has +41*7°.* dZ-Camphoroxime, m.p. 118°, was 
resolved by Po])e by the use of camphor-a>-sulphonic acid. The 
absorption spectrum in the ultra-violet was studied by Baly, 
Marsden and Stewart.* Cam})horoxime, owing to its tendency to 
pass into a-campholenonitrile (see below), can only with difficulty 
be reconverted into camphor. The hydrolysis was first effected 
by Forster," who, by the action of potassium permanganate on 
the oxime in acid solution, obtained an unstable green substance, 
which on reduction with zinc dust gave camphor; the hydrolysis 
can, however, be more readily carried out by the method used 
by Lapworth,^ who heated camphoroxime with a mixture of 
formaldehyde and hydrochloric acid. Even under these condi¬ 
tions conversion into the nitrile occurs. A large number of 
derivatives of camphoroxime have been prepared by Forster,** 
but these do not require special comment. 

On reduction with sodium in alcoholic or more readily in amyl 
alcoholic solution, camphoroxime yields a mixture of isomeric 

♦ Ber, 1883,10, 497. 

♦ Pope, J.a.S, 1899, 76, 1109. 

11 Ibid. 1897, 71, 199. 

Ibid. 1897, 71, 191, 1033. 


+ Ibid. 1889, 22, 606. 

» J.C.8. 1906, 89, 980. 
? Ibid. 1907, 91, 1133. 
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bases, bornylamine (IV) and neobornylamine (V).’^ Tliese bases 
are obtained also when camphoroxime is reduced electrolytically ^ 
by the hydrogenation of camphorimine * and by heating camphor 
w ith ammonium formate or formamide, followed by hydrolysis 
of the formyl derivative so obtained.* The separation of the two 
bases can be readily effected by taking advantage of the s]iaring 
solubility of the hydrochloride of the former base.*' Bornylamine 



(IV) (V) 

melts at 163°, [ajj^ +45*5°, —50*8°, and it has been charac¬ 
terised by the preparation of a large number of derivatives.^ 
nf^oBornylamine is somewhat difficult to obtain pure. It was 
purified by Forster by conversion into the sparingly soluble 
diiieobornyJommidey which is formed when the base is heated 
with ethyl oxalate, but the purification is probably best carried 
out by using either d-hydroxymethylenecamphor, the use of 
\v Inch was first suggested by Pope and Read"^* (comj)aro j). 462), 
or /-abiotic acid, which has been recommended by Krestinski and 
Bardischev.^^ ?icoBoriiylamine has m.p. 186°, [a]y^ -f47‘3°, 
— 43*7°. It is somewhat more readily soluble than bornylamine. 
When treated with nitrous acid or heated with acetic anhydride 
at 200° under pressure, both bases yield camphene.*"^ The con¬ 
version of trimethylbornylammonium hydroxide into bornylene 
is referred to on p. 325. When camphoroxime is reduced by tlie 
Sabatier-Senderens process using a nickel catalyst at 180-200°, 

^ Leukart and Bach, Ber. 1887,20, 111; Forster, J.C.S. 1898,73, 370; Konovalov, 
J. Russ. Phys. Ghem. Soc. 1901, 33, 46. 

+ Tafel and Pfeffermann, Ber. 1902, 36, 1515. 

♦ \'avon and Chilouet, Co7npt. rend. 1937, 204, 53. 

s Leukart and Bach, Ber. 1887, 20, 104; Wallach and Griepenkerl, Annalen, 1892, 
269, 347; Forster, J.C.S. 1898, 73, 386; IngersoU, Brown, Kim, Beauchamp and 
Jennings, J. Amer. C.S. 1936, 68, 1810; compare Wegler and Frank, Ber. 1936, 69, 
2071. II Compare Goodson, J.C.S. 1927, p. 930. 

1 Forster, J.C.S. 1899, 76, 941; Forster and Hart-Smith, ibid. 1900, 77, 1165; 
Forster an<J Attwell, ibid. 1904, 86, 1196; Heubaum and Noyes, J. Amer. C.S. 1930, 
62, 5070. 

J.C.S. 1913,103, 468. +t J lg94 

Compare Hiickel and Nerdel, AnnaleUt 1937, 628, 57. 
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it yields a mixture of bornylamine, dibornylamine and cainphyl- 
amine/ though according to Alder and Stein ^ hydrogenation 
under milder conditions gives mainly wcobornylamine. Vavoii 
and Cliilouet* consider that T^cobornylamine corresponds in con¬ 
figuration to iffohoTneoh 

On oxidation with dilute nitric acid, camphoroxime yields a 
mixture of cami)horic and i.90camphoronic acids,^ whilst with 
more dilute acid ])ernitrosocatnphor (p. 441) is obtained. Oxida¬ 
tion in alkaline solution with potassium permanganate yields 
camphoric a(*id, but in acid solution, in addition to this acid, an 
unstable green nitrogenous substance is obtained, which gives 
on reduction camphor. According to Rimini," by the action of 
potassium ferricyanide in alkaline solution a dimolecular nitroso- 
derivative, m.p. 103-105°, is formed, which he suggested has the 
formula (VI). 


(\(NO)-(OK) C 

/I r 



(VI) 


14 


Forster*^ found that when camphoroxime was treated with 
potassium hypochlorite or hypobromite it underwent an iji- 
teresting reaction yielding 2-chloro-2-nitrocamphane, m p. 217°, 
or 2-bro7nO’2-nitrommphane (VII), m.p. 220°, depending upon 
which reagent was used. When either of these substances is 
treated with alcoholic potassium hydroxide, 2-nitrocampliane 
(VIII), m.p. 147-148°, [ajp 4-20-4°, is obtained. The/Mmdo-form 
(IX), m.p. 74°, [ajj) — 94-9°, can be prepared by the careful 
acidification of the potassium salt. Like those of a-chloro- and 
a-nitro-camphors, alcoholic solutions of ^^/ettdo-nitrocamphane 
show mutarotation. 

If 2-bromo-2-nitrocainphane is digested with aqueous sodium 
hydroxide solution a nitrile is obtained, which gives on prolonged 

* Aloy and Bruatier, BuU. Bor chun. 1011 [i\], 9, 733. 

+ AnnaUn, 1936, 626, 221. * Compl. rend. Wil, 204, 53. 

• Koenigs, Bar. 1893, 26, 2340; Forster, J.V.B. 1897, 71, 197. 

II Oazzetta, 1896, 26, n, 613. 

1 J.C.S. 1899,76,1144; 1900,77.263, compare Gmmnga and Noyes, J. Amet. C.S. 
1922, 46, 2567. 
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oil. V 
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(VIII) 
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iljC (\0H3 
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(IX) 


boiling witli alkali an amide, m.p. 9()\ and finally an acid, 
C 9 Hj 402 ,b.p. 2397758 1-0146. Forster ^suggested that 

this acid, to which he gave the name infracampholenic acid, is 
1: \ -dimethyl-2-methyJ(neQyc\opentane-iy-carboxjflic acid (X). This 
structure for the acid has been confirmed by Lewis and Simonson 
who found that it gave on ozonolysis formaldeliyde and 
I: J -dimethylc?yc/opentau-2-oiie-5-car1)oxylic acid. On treatment 
witli bromine in carbon disul[)hi(le solution it yields a tribromide, 
m.p. 182°, wdiilst in chloroform solution a dibromide, m.p. 125', 
is formed. When the acid is digested with sulphuric acid it is 
converted into i^olauronolic acid (XI). 




H.G- 




(X) 


(H, 

li,(’ __ 0 _ -CHg 

i’ (413 

II 

11/*— (* (*()J1 
(XI) 


The conversion of 2-bromo-2-niirocamphane into nitrocani- 
phene has been referred to on ]). 313. 

When cain])horoxime is digested with mineral acids or with 
acid chlorides, it undergoes a Beckmann transformation and, 
depending upon the conditions which are used, yields either 
a-campholenonitrile, a-campholenamide, a-cara])holenic acid, 
dihydro-j8-campholenolactone, dihydro-j8-campholenoiminolac- 
tone (compare p, 418), ^-campholenamide or )3”campholenic 
acid.^ The constitution of these various substances and the 
mechanism of their formation has been the subject of much 
controversy, into which it is unnecessary to enter here. The 
primary product of the reaction (from rf-camphoroxime) is 

^ 1901, 79, 108. 

+ Inter aL, Naegeli, Her. 1884, 17, S05; (loldHchmidt and Schmidt, ibtd. 2071; 
Tiemaiin, ibid. 1896, 29, 3(X)7; 1897, 30, 243, 328; Behai, Bull. Soc. chtm. 1895 [iiij, 
13, 837; Konovalov, J. Rms. Bhys. (Jhem. Boc, 1901, 33, 46. 
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undoubtedly A-(x,<ampholenonitrile (XII), b.p. 226-227°, [ot]jj 
4* 7*3°, which is then converted through the amide (XIII), m.p. 
130*5°, [aj^) —4*9°, into d-a.~camp}tolemc acid (XIV), b.p. 142- 
144710 mm., d^^' 0*9920, 1*4712, [a]^ 4 9*37°. The constitu¬ 

tion of this acid has been established by its oxidation, either with 
potassium permanganate in alkaline solution'^ or by chromic 
acid,^ to d-dikydroxydiliydro-oL-campholenic acid (XV), m.p. 144°, 
+ 56*2°, which gives on further oxidation with chromic acid 
imketocamphoric acid (XVI), m.p. 129-130°, from which, by the 
action of potassium hypobrornite, i6*ocamj)horonic acid (XVII) is 
obtained. On treatment with acids, the dihycb’oxy-compound 
(XV) undergoes ketoiiisation to give oL-campholonic acid (XVIII), 
m.p. 65-66°,* which on heating passes into Q-ketocamphor (XIX) 
from which it is regenerated by acid hydrolysis.* The reactions 
involved are shown in the scheme below: 


ll,V HC- -C on HC - I CONUa 
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ll,(' (’ CJl, 
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HCl 
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HaC.C’.CII, 
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(XVII) (xvni) (XIX) 

♦ Tiemann and Semmler, Ber. 1890, 29, 529, 3014; Tiemann, ibtd, 3023. 
t Thiel, ibid. 1893, 26, 922. 

* 'I''hi8 was originally thought to be pinonio acid (see p. 120). 

^ Miyake and Watanabe, Proc. Imp. Acad. Tokyo, 1935, 11, 106, 322; Komppa 
and Beokmann, Ber. 1936, 69, 2783. 
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Although a-campholeiiic acid is formed to a small extent by 
the direct action of acids on camphoroxime, it is best i)re])ared 
by the hydrolysis of the nitrile with alkali. Attention has already 
been directed to the tendency for oo-substituted derivatives of 
camphor to pass into this acid. When a-campholenic acid is 
heated vith mineral acids it is converted into dihydro-)8- 
campholenolactono, the reaction being quantitative if hydriodic 
acid is used, the parent hydroxy acid being obtained if the acid 
is digested with alkali.’^ This lactone is a derivative of /J-cam- 
pholenic acid and its constitution is discussed on p. 440. If a- 
campholenic acid is boiled for some time, elimination of carbon 
dioxide occurs with the formation of the hydi*ocarbon, cam pholenc 
(p. 440). According to Jngold and Chandrasena,^ a-campholenic 
acid is converted into camphor when it is treated with silver 
oxide in acetone solution, oi-keUj-oL-cxi7Hpholenic acid being formed 
simultaneously. This reaction, for which there is no apparent 
analogy, is so remarkable that a confirmation would appear 
desirable. (\)ntamination of the acid with camfdior, formed by 
direct hydrolysis of the oxime, provides a possible explanation. 
The reduction of a-campholenic acid to the corresponding 
saturated acid, campholanic acid, and the identity of this with 
i^ocampholic acid, is referred to on p. 444. 

When a-campholenonitrile is heated with mineral acids it is 
isomerised to ^’CampholcrioaitriU, which can, however, be pre¬ 
pared more conveniently by the action of hydriodic acid on 
cam])horoxime.* The nitrile is an oil, b.j). 225'', 0*9093, 

1*4704, and it is optically inactive. On hydrolysis with 
alkalis it yields the corresponding amide, ni.p. 86", which can be 
prepared also by the action of acids on a-campholenamide, and 
finally the acid, p-campholenic acid, m.p. 52", b.p. 185°/120 mm. 
This acid is formed also, together with a-campholenic acid, by 
the action of sodium amalgam on aca-dibromocamphor.* j8-Cam- 
pholenic acid is not a true derivative of camphor, a rearrangement 
of the methyl groups accompanied by a shift of the ethylenic 
linkage having occurred during the isomerisation. There can be 
no doubt that it is correctly represented by (XX), since on 

* Tiemann, Ber, 1S97, 30, 405. + J.CM. 1922. 121, 1552. 

» Tiemann, Ber. 18%, 28, 1083; 1897, 30, 213. 

8 Kachler and Spitzer, Momteh, 1882, 3, 216; Ber. 1884, 17, 2400; Tiemann, 
Btr. 1896, 29, 3010. 
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oxidation witli ])otassiuni permanganate it yields dihydroxy-^- 
cam 2 )hohnic acid (XXI), of which two isomeric forms, m.p. 146^^ 
and Ol"", are known. This acid on further oxidation with chromic 
acid yields the keto-ncid (XXII), 0Ly.~di7iiethylglntaric acid (XXIII) 
and oxalic acid. 
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When /3-campholenic acid is warmed with mineral acids it 
passes readily into the lactone (XXIV) of hydroxydihydro-p- 
caftipholevic acid (XXV). wliicdi as mentioned above can be 
j)rej)ared also from a-campholenic acid.*^ The elimination of 
carbon dioxide from jS-campholenic acid proceeds with greater 
facility than in the case of the a-isomeride and yields the hydro¬ 
carbon, carnphoJenCy b.p. 134"’/758 mm., 0-8034, 1-4466.^ 

There (*an be no doubt that tliis hydrocarbon must be represented 
by formula (XXVI), since it gives on oxidation (XXTI). 

CH3 C'Hg 



Treatment of camphoroxime in either acetic acid or hydro¬ 
chloric acid solution with sodium nitrite yields pemitroso- 


* Tiemami, Ber, 1895, 28, 2170; 1897, 30, 405. 

+ Behai, Bull. Soc. chlm. 1895 [lii], 13, 844; Tieraann, Ber, 1895, 28, 2184. 



Cl I. V 


AND THEIR DERIVATIVES 


441 


camphor,"" This substance can be prepared also by the action of 
nitrosyl cliloride on a chloroform solution of the oxime or its 
sodium salt,^ by treatment of the oxime with nitrogen dioxide" 
or by the action of nitrous acid on its ethereal solution.^ Two 
forms of ])ernitrosocamphor have been prepared, a stable modi¬ 
fication (XXVII), m.p. 43'', and an unstable pseudo-iorm 
(XXVIll), m.p. 65-70 . The latter is obtained when a solution 
of the stable modification in dilute alkali is carefully acidified." 

r ^ NO^H (• Nil 

OgOii ^ 

N I 
I 

OH CU, 

(WNUi) (\\1\) 

When heated to 150" it gi\es campholcnonitrile.** Like per- 
nitrosofenchone (p. 516), ])ernitrosocam[)hor gives on treatment 
vith concentrated sul])huric acid i,socamphor, l-mciliyl-3-/5o- 
proy)yl-A^-r//r/ohe\en-6-()ne. On reduction with aluminium 
amalgam a mixture of bornylamine and /^e-obornylamine is 
formed, whilst ammonia converts it into camphorimhie (XXIX), 
111 .]). 05". This substance, which is extremely poisonous,is the 
primary product of the action of nitrous acid on camphoroxime 
and can be seyiarated from [lernitrosocamjihor by taking advan¬ 
tage of the sparing solubihty of its nitrate. On liydiogenation 
over platinum it gives /icobornylamiiie."^ l^y the action of 
hydrogen cyanide on camphoriniine Houben and Pfiinkuch^^ 
obtained a nitrile, m.p. 170-171", which by the action of nitrous 
acid gave a substance, m.p. 159°, which they suggested was 
camphorcyanohydrin. An isomeric camphorcyanohydrin, m.p. 
209", was prepared by the action of hydrogen cyanide on ]>er- 
nitrosocamphor. Lapworth, Manske and Robinson pointed out 

Angeli and Rimini, Ber. 1895, 28, 1078; (iazzetta^ 1899, 29, ii, 3(}. 

i Angelucci, Annalev, 1905, 341, 180. » ForsU^ 1897, 71, 198. 

Tiemann, Btr, 1895, 28, 1080; Mahia and Ticmann, tbid, 1890, 29, 2807. 

• Hantzsch and Dollfus, ihid, 1902, 36, 260. 

5 Gandini, Gazzetta, 1942, 72, 131. Merling, Ber. 1890, 29, 2808. 

n Vavon and Chilouet, Compt. rend. 1937, 204, 53. 

Ber. 1927, 60, 586; compare Passeimi, ibid. p. 1201; Gaudiiu, Gnzzetfa, 1939, 

69, 190. 

»» J.C.S. 1927, p. 2052. 
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the extreme improbability that either of these substances could 
be camphorcyanohydrin, and the more recent experiments of 
Houben and Pfankuch”^ have shown this criticism to be justified. 
The cyanohydrin, m.p. 159°, has been shown to be represented 
by (XXX), since it can be converted tlirough the ketone (XXXI) 
into camphenic acid (XXXJI). The isomeric “cyanoliydrin’’, 
m.p. 209°, has been found to be the amide of camphene- 

1- carboxylic acid (XXXIII); when treated with hydrogen chloride 
it undergoes both the Nametkin and Wagner changes, to give 

2- chlorocamphane-^-carboxyla7nide (XXXIV), m.]). 128°, which 
with ])otassium carbonate gives the amide of cam 2 )heneA- 
carboxylic acid (XXXV), m.p. 164-105°. 
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When camphorimine (XXIX) is heated in a current of air at 
100 °, ring fission occurs with the formation of a nitrile, CiqHi^N, 


* Annahn, 1930, 483, 271; 1931, 489; 193. 
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and pAsopropyl-S-acetylvaleronitrile (XXXVI) * The former nitrile 
was considered to be that of dihydi*o-(x-campholenic acid and was 
represented by formula (XXXVll), although no dii-ect evideiujc 
of its structure was obtained. On hydrolysis of the nitrile a 
liquid acid, b.p. 160^^/22 mm., [aj^^ +2S-2(r, was obtained, from 
which an amide^ m.p. 143'", [a]^) +2*5'", was prepared. If this 
acid has been correctly formulated, it sliould be identical with 
one of the acids having this eom])Osition obtained by Guerbet^ 
by the fusion of camphor with potassium hydroxide. 
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When camphor is fused with potassium hydroxide it yields 
two acids, generally known as campholic and i^ocampholic acids, 
the former being obtained in larger amount, lliese acids, the 
latter of which is an oil, have long been known, since the former 
was isolated in 1841 by Delalande* as a product of the distillation 
of camphor over potassium hydroxide. Campholic acid, d- and Z-, 
m.p. 106-107°, amide, m.p. 79-80°, dZ-, m.p. 109°, amide, m.p. 90°, 
is undoubtedly represented by formula (XXXVIII), since it 
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* Mahla and Tiemann, Ber. 1900, 33, 1930, 

+ BtUl. Boc, chim, 1894 fiiij, 12, 905; 1895 [iii], 18, 709; 1910 [iv], 7, 68. 

♦ Ann. Chim. 1841 [iii], 1, 120. 
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yields on oxidation ^\ith nitric acid a mixture of camphoric and 
camphoronic acids. This constitution has been confirmed by its 
synthesis by Haller and Blanc* by the reduction of bromo- 
d-camijholic acid (XXXIX) prepared by the action of hydrogen 
bromide on a-caw pholide (XL). Campholaldehyde (X LI) prepared 
from the phenylimidochloride of campholic acid, on hydrogena¬ 
tion gives campholcarbinol (XLII), m.p. 00' .^ 

Much greater difficulty has been met with in determining the 
constitution of i,socampholic acid. From its method of formation 
it may be either stereoisomeric with campholic acid, or repre¬ 
sented by eitlier formula (XLlll) or (XLIV). If the former be 
the correct representation, then itS*ocamj)l\olic acjid should be 
identical ^Aith Mahla and Tiemaim’s dihydro-a-campholenic 
acid, and also with the acid prepared by the reduction of a- 
campholenic acid (XIV). The reduction of a-cam])holenic acid 

rH3 

He - V eogii 

H,(' i’ ('H, 

U,,C'-(I’H-CHj 

(XIV) 

was unsuccessfully attemj)ted by JJehal,'^ but has been achieved 
by Kregten^ and by Li|)p." By the reduction of rfZ-a-campholenic 
ac*id (from d/-camj)horoxime) with hydrogen in the presence of 
platinum black, Lipp pre])ared dl-Qi^-cantpholanic acid, b.p, 
150*9~15L2°/14 mm., which gives an amide, m.p. 129-130”, the 
amide of the corresponding rf-acid melting at 150”. By the 
reduction of a-campholenamide he prepared the amide of 
AVtmj\^-campholanic acid"^ and this melted at 124-5-125°. This 
latter amide was found to be identical with the amide of dl- 
dihydro-a-campholenic acid prepared by Mahla and Tiemann’s 
method from camphoroxime. Proof was thus obtained that 

Compt. rend. 1900, 130, 376. 

^ V. ilraun and Manz, Ber. 1934, 67, 1700. 

* Bull Boc. chim. 1895 [iii], 13, 846; 1904 [ui], 31, 179. 

^ liec. trav. ch%m. 1916, 36, 64. n Ber. 1922, 55, 1883. 

5 <m»«-Campholanio acid has also been prepared by Komppa {Ber. 1936, 69, 
2783) by reduction of the semioarbazone of a-campholonic acid (p. 438) with so^um 
ethoxide. 
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dihydro-a-campholenic and im/i^-cainpholanic acids were iden¬ 
tical, but Lipp was less successful in his attempt to establish the 
identity of isocampholic acid and either or /mr 25 -campholauic 

acids. Their identity has, however, been established l)y the 
ingenious experiments of v. Braun and Heymons.’^ It had been 
observed by v. Braun that, when the amides or alkyl amides of 
acids which had the carboxyl group attached to a tertiary carbon 
atom were treated with i)hosphorus pentachloride, a cliloroimidc 
was formed, from which the original acid could be regenerated 
by the action of water. If, however, the acid contained a 
or —CHg’grou}) in the a-position to the carboxyl grou]), 
then, on treatment with phosphorus pentachloride, a di- or tri¬ 
chloride was obtained, which with water gave a chloro- or 
dichloroarnide. The reactions are indicated by the scheme: 

ll^o 

Cjffa.CONH/? —> C7^3.C(C1):N/^ — ^ CN^.VimHR 

CER^.comR —► ay4ci.C(Ci):N/e - v cu^vi.cimEii 

(JH^R.OOmR — ► C(C1):N/^ - ► CRi\X\)mR 


On ajiplying this reaction to imcarnpholctliylamide (XLV), m.]). 
41-42*^, a dichloroimidochloridf' (XLVl), b.p. 145-150715 mm., 
W'as obtained, which on treatment with water gave dkhloroim- 
campholethylamide (XLVll), m.p. 73-77'\ b.p. 125-127®/0-2 mm. 
There can therefore be no doubt that /6*ocamj)holic acid is identica I 
with campholanic acid, and that Lipp’s failure to establisli the 
identity was due to the difficulty encountered in purifying 
i^ocampholic acid. 
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(XLVI) 
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j-(m —(^ 01 , 

(XLVIJ) 


Additional proof of the i)resence of the group —CH 2 .CO 2 II 
in i^ocampholic acid was furnished by its conversion into 
norisocampholic acid, 2:2:34rimethylcy(AopenlamcarboxyUc acid 

* Bet, 1928, 61, 2276; compare Rupe an<l Briellmann, Helv. Chim. Acta, 1922, 
5, 767. 
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(XLVIII), b.p. 130°/12 mm., ethylimide, m.p. 68-69°, by the 
reactions shown in the scheme: 
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(Xl.VIII) 


Caynphorhydrazoiie, which can be readily prepared by the 
action of hydrazine on the ketone, melts at 55° and the azine. 
which is formed simultaneously, melts at 182°. The conversion 
of the hydrazone into cami)hane has been referred to on p. 273. 
Camphorhydrazone has also been prepared by heating camphor- 
quinonemonohydrazone with hydrazine hydrate at 150°.* 
Camphor anil, m.p. 13-5°, b.p. 166°/15 mm., is obtained by the 
condensation of camphor with aniline^ and by the dehydrogena- 
tion of i^obornylaniline with sulphur;* it is readily hydrolysed 
to camphor and aniline. 

Thioaimphor, l~, m.]). 140°, —12° (in alcohol); dl-, m.]). 

145°, is prepared by the treatment of camphor with hydrogen 
sulphide in the i)resence of hydrochloric acid. On reduction with 
zinc and hydrochloric acid it gives thioborneol, m.p. 120°.* 

As a general rule camphor reacts normally with the Grignard 
reagent; thus with methyl magnesium iodide methylborneol is 
obtained.” The products of the dehydration of this alcohol are 
discussed on p. 579. With propyl magnesium bromide, camphor 

* Forster and Kunz, J.C.S, 1914,106, 1721. 

^ Reddelien and Meyn, Ber, 1920, 63, 362. 

♦ Ritter, /. Amer, C.S. 1933, 66, 3322. 

» Sen, J. Ind. C.8. 1936,12, 647, 751; 1936,13, 623; 1937,14, 214; 1938,16, 537. 

’I Zelinski, Ber, 1901, 34, 2883; Wallach and Wienhaus, A7incden, i907, 363, 224; 
RuKioka, Helv, Chim, Acta, 1918,1, 110; Bredt and Savelsberg, J. pr. Chem. 1918 
[ii], 98, 97; Bredt-Savelsberg and Buchk^mer, Ber. 1931, 64, §00, 
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is reduced to borneol and i^obomeol,* although with allyl bromide 
or iodide allylborneol can be })repared.^ 

Camphor reacts with sodium acetylide to give ethynylborntfl 
alcohol (XLIX), m.p. 97-98°, which on heating with formic acid 
undergoes hydration and rearrangement to give a ])roduct, m.]). 
77-78°, formulated by Hurd and Christ^ as 2-acetyl-6“hydroxy- 
camphane, but which is more probably 4:-acetylborneol (L), formed 
by a Nametkin isomerisation, since on oxidation it gives borneol- 
^-carboxylic acid (LI), m.p. 221°.* 
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SOME REACTIONS OF CAMPHOR INVOLVING 
THE ol-CARBON ATOM 

The —OHg-group adjacent to the carbonyl group in camphor 
is extremely reactive and it will be convenient to consider 
together some of the diverse reactions in which it is involved. 

Although there can be no doubt that camphor reacts with 
sodium in its enolic form (1), and the existence of this tautomeride 
in solution is confirmed by the action of the CJrignard reagent," 
the only derivative known would api)ear to be the ethyl ether 
(III), Camphor-enol ethyl ether or 2-ethoxybornylene was prepared 
by Bredt-Savelsberg and Rumscheidt*’ from camphoracetal (II), 
b.p. 102-103°/! 1 -5 mm.,’^'^ by the action of phosphorus pentoxide 
in pyridine solution. It is an oil, b.p. 73*9~75*1°/12 mm., 
0*9536, 1*4679, and gives on oxidation with potassium 

* Leroide, Ann. Chim. 1921 [ix], 16, 365, 

+ Chojn, J. Buss. Phya. Chem. Soc. 1912, 44, 1844; compare Nametkin and 
Sohavrigin, Ber. 1933, 66, 611, 

* J. Amer. G.S. 1937, 69, 118; compare Oulou, BvU. Inst. Pin, 1934,178, 197. 

s Hurd and Christ incorrectly describe this acid as borneol-6-carboxylio acid 
(compare Houben and Pfankuch, Annalen, 1931, 489, 193). 

■t Bredt-Savelsberg, J. pr. Chem. 1924 [ii], 107, 66. 

5 Ibid. 1927 [ii], 115, 236. 

Compare Arbusov, J. Buss. Phya. Chem. Soc. 1908, 40, 637. 
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permanganate ^-ethyl hydrogen camphorate (IV). It is extremely 
unstable and is readily hydrolysed to eam]ihor by water or dilute 
acids. 


C.OH 


\ 




1 / 

y I 

1 <’*H„ 

f.Hul 


\ 1 

1 

\l 

va CHg ( 


(I) 


(It) 


(HI) 


/ 


(;h, 


(iV) 


A large number of derivatives of camphor have been pre])ared 
by taking advantage of the reactivity of sodiocamphor. It will 
not be possible to discuss all these in detail and only the more 
important reactions will be referred to. Sodiocamphor is obtained 
when camphor is allowed to react with sodium in any neutral 
solvent (ether, benzene, etc.). When prepared in this manner it 
is always contaminated with the sodium derivatives of borneol 
and itvoborneol, owing to ))artial reduction of the ketone during 
the preparation of the sodium compound. It can be obtained in 
a higher state of purity by the use of sodamide in ])lace of sodium.’*' 
When sodiocamphor is heated in toluene solution it yields a 
mixture of campholic and /t^ocampholic acids, bornylcam])hor, 
and hornylenecamj)hor,^ whilst by the action of iodine a-iodo- 
camphor is obtained." It has also been shown by Morgan and his 
collaborators* that it can be used for the ])reparation of arsenic, 
antimony and phosphorus derivatives of camphor. 

In 1870 Baubigny" observed that when carbon dioxide was 
allowed to react with sodiocamphor in toluene an acid was 
formed. This acid was prepared subsequently by Kachler and 
Spitzer^ by the action of sodium and carbon dioxide on aa'- 
dibromocamphor, and by Oddo”^* in a similar manner from 
a-bromocamphor, whilst Hallerobtained it by the hydrolysis 

^ Bruhl, Ber. 1903, 36, 1305; 1904, 37, 2171. 

* de Montgolfier, Ann. Chim. 1878 [vj, 14, 99; Guerbet, ibid. 1895 [vii], 4, 291; 
Hull. Hoc. chim. 1910 [.iv], 7, 69. 

* HaUer, Compt. rend. 1878, 87, 843; Bruhl, Ber. 1904, 37, 2172. 

* Morgan, Mirkelthwait and Whitby. J.C.H. 1910, 97, 34; Morgan and Moore, 
ibid. 1698. 

II Ann. Chim. 1870 [iv], 19, 221. 1 MonaUh. 1881, 2, 237. 

*• Gazzetta, 1893, 23, i, 74. 

++ Compt. rend. 1886,102, 1477; compare Minguin, ibid. 1891,112, 1369. 
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of a-cyanocamplior (p. 454). Camphor-3-carboxyIic a^cid (V) can 
also be obtained by the Grignardreaction from a-bromoeamphor,’ 
but it is best prepared from sodiocain])hor by the action of carbon 
dioxide under tlie conditions described by Bredt and Sandkuhl.^ 
A ])artial synthesis of cam])hor'3-carboxy]ic acid has been 
achieved by Ruzicka,* who pre[)ared ethyl camphor-3-car> 
boxylate by the action of sodium ethoxide on ethyl honiocam- 
I)horate. This synthesis is of interest, since homocamphoric* acid 
can be very readily obtained by heating camphor-3-carboxylic 
acid with sodium ethoxide at 200^' in an autoclave.* The d~ and 
/-acids melt at 127-128'\ [aj/^ ± 18"; decomposition occurs at the 
meIting-]K>mt with evolution of carbon dioxide, and camphor is 
regenerated. In aqueous solution the acid gives with ferric 
chloride a blue coloration, which on standing becomes green. 
When oxidised with nitric acid canifdioric acid is obtained, wliilst 
with an alkaline solution of potassium [)ermanganate a mixture 
of this acid and caniphorcpiinone results. (Vunphor-3-carboxylie 
acid can be readily chlorinated and brominated, the (7?/oA*o-acid 
melting at 93-94"^ and the 6row?o-acid at 112 -113".^^ Both acids 
on heating yield the corres])onding a-lialogcnated cam])hors. 
Although camphor-3-carboxylic acid itself and its halogen deriva¬ 
tives have only beem ])repared in one modification, it is of interest 
to note that BruliP^ has obtained methyl hromocamphor-W-car- 
boxylate in two modifications, m.p. 53-54^ and (>0-6T', wdiicli are 
probably represented by the formulae (VI) and (VII). 
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* Zelinski, Ber. 1903, 36, 208; Bruhl. ibid, p. 668; Miilingren, ibid, p. 2622. 
^ Annaleny 1909. 366, 11. 

* fleh, Chim, Acta, 1920, 3, 748. 

^ Haller and Mingmn, Compi. rend. 1890,110, 410. 

" Aschan, her. 1894, 27, 1447. 

1 Schifif and Puliti, ibid. 1883, 16, 887. 

de Santos e Silva, ibid. 1873, 6, 1092; Aschan, ibid. 1894, 27, 1445. 

+1 Ibtd. 1902, 35, 4114. 
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It does not appear to have been determined whether solutions 
of camphor-3-carboxylic acid show mutarotation, but this has 
been observed to occur in the case of solutions of the amide and 
piperidide, the curves being of considerable complexityThe 
absorption sj^ectrum of cara])hor-3“Carboxylic acid was studied 
by Lowry and his collaborators in the course of an elaborate 
series of investigations.^ On treatment with nitrous acid cam- 
phor-3‘Carboxyhc acid yields ^sonitrosocamphor (p. 471) and 
camphorquinone (p. 460). 

If the acid chloride of bromocamphor-3-carboxylic acid is 
distilJed it yields, according to Staudinger andSchotz,* a mixture 
of two ci/cZobutane derivatives (VTII) and (Villa) melting at 
152 153° and 150-151° respectively. On hydrolysis with alkali 
they yield the parent acid. 


CO OC 


/ 




8‘1|4 

\ 


C'aHu 


(IX) 


/ 


\ 


CO 



\ 

\ 

/ 




XX)v 

U< >( 

^CO" 

/ 

\ 

/ 

\ 

(Vlll) 


) 0 0(,' 

c 

1 

V 

\ 

/ 

CO 

C.11.4 


\ 

\ 

/ 

\ 




olj 

(Villa) 




('•o 0 (^ 


OC 


HOjC 

CH—CO-^ 
(X) 


\ 


\ 


Cll—CO—CH 
(XI) 


By the action of acetyl chloride on camphor-3-carboxylic acid 
Kachler and Spitzer* obtained a substance, CgaHggO*, m.p. 196- 

* Lowry and Glover, J.C.S. 1913,103, 913. 

t Ibtd. 1909, 96, 807, 1340! 1910, 97, 899, 906. * Ser. 1920, 68, 1106. 

• Monatah. 1881, 2, 241. 
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196°, which has been found by ytaudinger and Schotz'" io be 
formed also when the acid chloride of camj)hor-3-carboxylic acid 
is distilled. This substance is probably represented by formula 

(IX) , and when shaken with hydi’ochJoric acid it gives the acid 

(X) , m.p. 262°. The latter on warming with alkali yields the 
triketone (XI). 

Although camphor-3-carboxylic acid cannot be reduced to the 
corresponding hydroxy acid by sodium in alcoliolic solution or 
by any of the ordinary methods, electrolytic reduction proceeds 
smoothly if a potassium amalgam cathode be used. Two stereo- 
isomeric borneol-3-carboxylic acids are thus obtained and have 
been studied in great detail by Bredt and his collaborators.' 
Qm-imBorneol-Z-carboxylic acid (XII) melts at 101° {dl^, m.p. 
130-132°) and the trans-SLoid (XIII) at 171° (d/-, m.p. 145°), the 
former being converted into the latter on warming with acetyl 
chloride. A third stereoisomeride, dl-tra>nHAsoborneol-3-C(irboxylic 
acid, m.p. 169° {acetyl derivative, m.p. 116°) has been obtained 
by indirect means (see p. 452). All these acids yield on dehydra¬ 
tion the same bornyknecarboxylic acid (XIV), m.p. 112-113°, 
{dk, m.p. 110-112°), the conversion of which into bornylene has 
been referred to on p. 324. This acid must have the constitution 
assigned to it, since it gives on reduction camphane-3-carboxylic 
acid. The pre])aration of e])icam])hor from bornylenecarboxylic 



(XII) (XIll) (XJV) 


acid wiU be described on j). 514. It was mentioned in discussing 
the conversion of bornylenecarboxylic acid into bornylene (p. 325, 
footnote), that, when the acid was treated with hydrogen bromide 
in acetic acid solution, it gave the normal j8-bromide (XV), whilst 
in aqueous solution an isomeric bromide was obtained. The 
normal bromide, on warming its sodium salt, gives, in addition 

♦ Ber. 1920,63, 1106. 

+ Bredt and Burkheim, AnnaXen, 1906,348,199; Bredt and Sandkuhl, J, pr. Chem. 
1931 [ii], 131, 132. 
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to bornylene and bornylenecarboxylic acid, the lactone (XVII), 
which is derived fivin the cm-hydrojcy acid (XVI). 



Br.(^ (’Hj 

I \ 

I \ 

Jl^(’ _CH 

I I 

H,C-Cli-(^H C(J,H 

(XVIIJ) 


IIO.C.CII3 

H2C-CH-(ll.COgll 

(XJX) 



C:ai2 



I 

U,V V.CH. 

I I 

-(^ii—cii.c’OjH 

(XX) 


The formation of the isomeric bromo-acid, m.]). 157'', by the 
action of aqueous hydrogen bromi(ic involves a Wagner rc> 
arrangement, since this acid is represented by the formula 
(XVIll). It yields on treatment with sodium carbonate the 
tmm-hydroxy acid (XIX), m.j). 175', which gives on dehydration 
caynphene-1-carboxylic acid (XX), m.}). 76”77''. Tliis acid can be 
prepared also by digesting the bromo-acid with quinoline; it 
shows no tendency to isomerise to bornylenecarboxyhc acid. On 
hydration of camphenecarboxylic acid (XX) a Wagner rearrange¬ 
ment occurs with the formation of dl-trans-isohomeol-ti-cdiT- 
boxylic acid (XXI) (see p. 453); * this is accompanied by another 
isomeric acid, m.p. 180-181'', which Bredt considered to be a 
borneol-5-carboxylic acid (XXII), but its formation cannot be 
explained by a normal Wagner rearrangement, and an unequi¬ 
vocal proof of its structure would appear to be desirable. If 
however, this structure is correct, it is possible that the acid may 
be formed through the intermediate formation of a tricyclene 
(‘arboxylic acid, although, as pointed out on p. 158, tricyclene 
itself cannot be an intermediate in the interconversion of cam- 
phene and borneol. 

Methyl camphor-^-c^jirboxylate, b.p. 142-5-143®/!2 mm.,^ gives 


Brodt, J, pr, Chem. 1931 [ii], 131, 137. t Brulil, Ber. 1902, 35, 3615. 
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with ferric chloride in alcoholic solution a lilac coloration, and it 
readily yields a sodium derivative. Like ethyl acetoacetate it c*an 
react in both theenolic andketonic forms (XXIII) and (XXIV), 
derivatives of both having been ])reparcd. 
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Thus, when the sodium derivative of the ester is treated with 
benzoyl chloride in light ])etr()leum solution, it yields rm'tfn/l 
O'benzoylcawphor-'^-carboxijhde (XXV), m.]). 58-59*5’,^ whilst 
by the action of methyl iodide 7nethyl *S-7nethylcamphor-li~ 
carboxylafe can be prepared.^ Two forms of this ester have been 
described, one of which is crystalline, m.p. S7'\ [aj/^ +17*25 , 
and the other an oil, b.]). 135-140713 mm., +75'". These 
two esters are probablv the stereoisomeridcs (XXVI) and 
(XX Via). 
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By hydrolysis of the crystalline ester the corresponding acid, 
m.p. 104°, has been prepared, which readily loses carbon dioxide 
with the formation of a-methylcaraphor. If the liquid ester is 


* Briihl, Ber. 1903, 36, 4273. 

+ Minguin, CotnpL rend, 1903,137, 1067; Briihl, Ber. 1902, 35, 3623. 
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hydrolysed with potassium hydroxide in a sealed tube it yields 
a mixture of a^methylcamphor and oi-methylhomocamphoric acid 
(XXVII), m.p. 143”, [ajj) -f 38-14”. A stereoisomeric modifica¬ 
tion of this acid, m.p. 178-180”, [a]^ -f 26-31”, is obtained by the 
hydrolysis of a-methyl-a-cyanocamphor (XXXIV) (p. 455).* 
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A large number of other derivatives of the esters of camphov- 
3-carboxylic acid have been prepared, but these do not require 
specific mention. 

The nitrile of camphor-3-carboxylie acid, oc- (or 3-) cyano- 
camphor (XXX), was obtained originally by Haller ^ by the action 
of cyanogen or cyanogen chloride on sodioeamphor, but, as was 
shown by Bishop, (Jlaiseu and Sinclair,^ it can be prepared much 
more conveniently by the action of hydroxylamine on an alkaline 
solution of hydrojcymethylenecamphor (XXVIII), the oxime 
(XXIX) being an intermediate product of the reaction. It has 
been shown that the ‘‘Camphylisoxazole’’, prej)ared by Tingle^ 
by the action of hydroxylamine on camphorglyoxylic acid, is 
identical with a-cyanocamphor.' 
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a-Cyanocaniphor, which is dimorphous, melts at 127-128”, 
[a]^) +12-16” (in alcohol); its rotatory power shows very marked 
variations depending upon the nature of the solvent and the 
concentration of the solution,^ On bromination, preferably with 

♦ Haller and Minium, Compt. rend, 1894,118, 691. + Ibid, 1878, 87, 843. 

♦ AnnaUniy 1894, 281, 349; compare Lapwortli, J,C,S, 1900, 77, 1058. 

» Amer. Chem. J. 1897, 19, 393. 

11 Johnson and Shclberg, J, Amer, C,S. 1945, 67, 1745, 1754. 

1 Haller and Mmguin, Compt, rend, 1903,136, 1527. 
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sodium hypobromite, bromocyanocamphor, m.p. 74-75"', is ob¬ 
tained, the corres])onding chloride melting at 98-100''. By pro¬ 
longed digestion with aqueous sodium hydroxide the cyano-group 
is hydrolysed, ring fission occumng simultaneously with the 
formation of homocamphoric acid (XXXI) (Haller), whilst, when 
warmed for a short time with an alcoholic solution of potassium 
hydroxide, the corresponding nitrile (XXXII) is obtained.* 
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Like the esteis of cani})hor-3-carboxylic acid, a-cyaiiocamphor, 
which is soluble in alkali, can react both in its enolic and ketonii* 
modifications, and derivatives of both are known. Thus, when the 
sodium derivative is treated with methyl iodide in alcoholic 
solution, it yields a mixture of the 0-methyl derivative (XXXIll), 
m.p, 63°, [aj^ + 146° (in benzene), and the C-methyl derivative 
(XXXIV), b.p. 170-18()'/36 mm., -|-93*7 (in benzene). The 
two alkyl derivatives can be readily distinguished, since the 
former gives on hydrolysis a-cyanocam})hor, whilst the latter on 
prolonged boiling with dilute hydro(‘hloric acid is converted into 
a-methyl-homocamphoric acid (XXVII) (see above). Forster 
and Judd^ found that a-cyanocamphor reacts readily witli 
methyl magnesium iodide to give the imine of acetylcamphor 
(XXXV), m.p. 126'', which when boiled with dilute hydrochloric 
acid yields acetylcamphor (XXXVI). 
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* Minguin, Ann Vhim. 189.1 fvij, 30, .523; 1894 [vii], 2, 394. 
t J,V.8. 1905, 87, 371. 
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For the preparation of the monoalkyl derivative of camphor 
having the formula (XXXVII) two general methods are avail¬ 
able: (i) treatment of sodiocamjdior \\ith alkyl halides and 
(ii) elimination of carbon dioxide from alkylated carnphorcar- 
boxylic acids. In general, the f)roperties of the alkylated 
camphors resemble those of cam])hor. Thus oL-jnethyJcam'phor 
(XXXVIII), which has been prepared by the action of methyl 
iodide on sodiocamphor’^ and by the hydrolysis of methyl 
3“mcthylcamphor-3-(*arboxylate (p. 453),^ ciystallises in leaflets, 
m.p. 38"", b.]). 220-221"', |a]/^ H-30\ It yields on brominatio!i 
a-hroino-oi’wethfjlcawphor (XXXIX), m.]). ()2*»5 , [a]y^ +1S4»4 , 
from which, by the action of alkali, (y.-rnet1ufhnecamphor (XL), 
111 .]). 30-35"^, [ajy^ + 127*«5 , can be ])rei)ared. 
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The monoalkyl derivatives of cam])ho]* should exist in two 
stereoisomeric modifi(*ations, corresponding to the a- and a'-forms 
of chlorocamj)hor. These do not appear to have been isolated, 
but from benzylcamphor (XLl) two bromobenzylvamplwrs (XLII) 
and (XLIIa), m.]). 94*95"', fa]/^ +61^, and m.p. 90-91"', [ajj^ 
+ 20"', have been pre])ared.^ These bromides must be stereo- 
and not structural isomerides, since they both yield benzylidene- 
camphor (see below) on treatment wuth alkali. 
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* Haller and Bauer, Cotupt. rend. 1909, 148, 1645; Ann, Chwt. 1917 [ix], 8, 117. 
1 Mmguin, An7i. Chm. 1894 [viij, 2, 284; Bruhl, Ber, 1902, 35, 3624; oiover, 

J.C.S, 1908 98 1291 

♦ Haller and Minguin, Compt, rend. 1901,133, 80; 1903,136, 69. 
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Dialkyl derivatives of camphor (XLlll) can be [)re])arcd by 
the treatment of sodiocamphor or sodioalky lcam])hors with alkyl 
halides. They have been chiefly studied by Haller and his col¬ 
laborators.^ JHmeiliylcmriphor (XLIV) is an oil, b.p. 100''/11 mm,, 
I + ^d2*7°. Like fenchone (p. 504), ring fission occurs when the 
ketone is heated with sodamide in benzene solution ^vith the 
formation of diweiJfylcampholafnifh (XLV). 
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A number of alkylidene derivatives of camphor have been 
described and, as typical of the class, oL-henzylidenecamphor 
(XLVl), may be considered. a-Beiizylidenecamphor, m.]). 

[aj/^ -1-451'^ (in cliloroform), oxim<\ m.p. 197", was first prepared 
by Haller^ by the interact ion of sodiocam])lu)r and benzaJdehyde, 
and subsequently ^ by the action of benzaldehyde on sodioborneol 
and /.soborneol. As mentioned above, it was obtained by Haller 
and Minguin by the action of alkali on the two isomeric bromo- 
benzylcarnphors. Of interest also is its preparation by the 
reduction of the cnoii(* niodification of cL-benzoylcarn phor (X LVl 1) 
Mith sodium amalgam.^ Benzylidenecamjfiior can d)C charac¬ 
terised l)y the preparation of the nitromie, m.p. 188 When 
benzylidenccamphor is heated with hydrogen bromide in acetic 
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^ Inia ah, Haller and Bauer, Ann, Ckim, 1917 [ix], 8, 117; Haller and Louvrier, 
ibiA. 191S [ix], 9, 190; compare v. Braun and Kurtz, Tier. 1934, 67, 225; Keinariz 
and Meesen, ibid. 1939, 72, 1. 

t Co7npt. rend, 1891,113, 24. * Ibid. 1900, 130, 689. 

Forster, J,C,S. 1903, 83, 103. For another general method for the preparation 
of alkylidenecamphors from chloromethylenecamphor, see p. 461. 

II Haller, Gompt, rend. 1895,121, 30. 
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acid solution at 100^ ring fission occurs with the formation of 
phenylhydroxyhomocampholic acid, m.p. 206"', which may be 
represented by either formula (XLVIII) or (XLIX).’^ The latter 
formula would aj)pear to be the more probable, since on digestion 
with formic acid benzylidenecampholic acid (L), m.]). 124-125"', 
is obtained. 



By the action of amyl formate on s()(lioc*am])hor Bishoj), 
(laisen and Sinclair^ prepared hydioxymethylenccamphor. 
Although this is the most convenient method for its ])re])aration,^ 
this important derivative has also been obtained by the action 
of sodium methoxide on the a-niono- and di-halogenated cam¬ 
phors,by the action of ethyl formate on a-bromocamphor in the 
presence of magnesium," and by the decarboxylation of cam])hor- 
glyoxylic acid.** IJydroxymethylcnecaniphor crystallises in leaflets, 
m.p. SI"', and it is somewhat unstable, undergoing slow decom¬ 
position if it is kept. It is readily volatile in steam and is soluble 
in alkalis. In alcoholic solution it gives with ferric chloride a 
red violet coloration, which passes through blue to dark green. 
Considerable attention has been paid to the question of the 
constitution of hydroxymethylenecamphor. As was pointed out 
by Claisen, three formulae, (LT), (LIT) and (LIII), are theoretically 



CH.CHO 

(LI) 



C.OH 



(LIII) 


♦ Haller and Mmguiii, ibtd. 1900,130, 1362; llupe and BlechBchmidt, Ber. 1918, 
61, 170. 

+ Annalen, 1894, 281, 330. 

♦ Compare Brcdt and Sandkuhl, ibid. 1909, 366, 62. 

» Briihl, Ber. 1904, 37, 2074. n Malmgren, ibid. 1903, 36, 2635. 

1 Langenbeck and Triem, ibid. 1936, 69, 248. 
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possible. From an extended refractometric investigation, Brulil’*' 
concluded that there was no evidence for the existence of two 
carbonyl groups in the molecule, and that the substance existed 
only in the stable enolic form (LII). A similar conclusion was 
reached by Federlin^ from a series of colorimetric measurements 
in the presence of ferric chloride. Pope and Read^ have shown, 
however, that solutions of hydroxymethylenecamphor show ])ro- 
nounced mutarotation; thus in benzene an initial value of 
[a] 2 ) + 169-5° falls after twenty days to + 80-8°. They suggested 
that this is associated with a condition of dynamic isomerism 
between the two enolic forms (LII) and (LIII). This view receives 
support from the fact that whereas A-anihmethyleriecamphor 
(LIV), in which this isomerism is possible, shows mutarotation, 
d-methylanilomethylenecamphor (LV) does not. 



There would appear to be no doubt that Pope and Read arc 
correct, and that in solution hydroxymethylenecamphor is a 
mixture of the two enolic isomerides represented by (LII) and 
(LIII), although only derivatives of the enolic form (LII) and 
the ketonic form (LI) have been prepared. Idiis investigation 
afforded a further examjde of the great value of the method, first 
introduced by Armstrong, for the determination of dynamic 
isomerism in the case of optically active substances. 

The hydrogenation of hydroxymethylenecamphor gives a 
mixture of stereoisomeric mmphorylcarbinols (LVl), b.p. 139- 
140°/9 mm.; two benzoates have been described, melting at 95-97° 
and 42-43°.^ 

On reduction with sodium in alcoholic solution hydroxy- 
methylenecam phor yields a mixture of two stereoisomeric gJycols ,' 

Z. Phys. ahem. 1900, 34, 31. + Annalen, 1907, 366, 251. 

* J.C.S. 1909, 96, 175; compare Singh and Bliadbun, J. Ind. Chem. Soc. 1930, 
7, 771; Bhagwat, Harmalker and Deshapande, ibid. 1940,17, 646. 

* Rupe and Lenzlinger, Helv. Chim. Acta, 1936,18, 265. 

I' “Hochster Farbw.’* O.P. 123909. 
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which have been studied by Bredt.’^ The c/5-glycol (LVII) melts 
at 101 and gives, on* oxidation with potassium permanganate, 
camphoric acid, A\hilst the ^m/ 2 tS’-glycol (LVIII), m.p. 117-118'’, 
gives f?^t/? 2 ,'?-bornc()lcarboxylic acid (LIX) (}). 451). 
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On oxidation with ])otassiuin permanganate, liydroxy- 
metliylenecanpdior yields camphori(‘ acid, whilst by the action 
of (‘hromic acid in acetic acid solution camphorquinone is 
obtained;^ on ozonisaiion, l)oih products are formed.^ Hydroxy- 
met hylenecamphor reacts readily with bromine, the nature of 
tlie product varying with the experimental conditions which arc 
em])loyed. In carbon disulphide solution or in taintly acid 
aqueous alcoholic solution cf.-hronio-%-formylcamphor (LX), m.]). 
44°, is obtained.'^ This substance is extremely unstable. By the 
addition of bromine to an aqueous solution of hydroxy methylene- 
camphor, a-bromocaiU])hor is formed.' 
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By the action of phosphorus trichloride or oxychloride chloro- 
methylenecamphor (LXI), b.p. 113712*5 mm., [a]/;-f 180*28° 
(in benzene), is obtained. This chloride can, however, be prepared 
more conveniently by the action of thionyl chloride.^ It reacts 

Annahn, 19U(i, 348, 199; 1909, 366, 1. 

+ Bishop, Claisen and Sinclair, ibid, 1894, 281, 330. 

* Palmen, Finsk. Kern. Medd. 1933, 42, 85. 

* Aschan and Bruhl, Ber. 1894, 27, 2402. 

•• Bishop, Claisen and Sinclair, Aanalen, 1894, 281, 330. 

5 Rupe and Iselin, ibtd. 1916, 49, 25. 
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readily with alkyl magnesium halides to yield alkylidene cam- 
jihors (LXII), and this is probably the simplest method for the 
j)reparation of these derivatives of camphor. 

Reference was made on p. 454 to the conversion of hydroxy- 
methylenecamphor into a-cyaiiocamphor, and although the 
oxime of a-formy]cam])hor is an unstable oil, Johnson and 
Shelberg^ liave shown that when hydroxymetliylenecam[)hor is 
treated with hydroxylamine hydrochloride in acetic acid solution 
it gives the mo-eompound (LXIil), which, on boiling 

with alkali, yields horvocaniphoric acid (LXlV). Thoseinicarbazone 
is crystalline and melts at 217-218°.^ With hydrogen cyanide, 
hydroxymethylcnecamphor also reacts in the ketonic form to 
yield the corres[)onding cyanohydrin. Forster and Judd* have 
shown hydroxymetliylenecam])hor to react with metliyl mag¬ 
nesium iodide to yield a substance Avhich may be the oxid( 
(LXVI), b.p. 234 /765 mrn., the (jh/col (LX V) being evidently the 
piimary product ol the reaction. 
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Hydroxymethyleriecamphor condenses with malonic acid in 
the presence of pyiidiiic to give an unsaturated acid, m.p. 101- 
106"^, vhich is jirobably camphorylidenepropionic acid (LXVII). 
Similarly, cyanoacetic acid gives the corresiionding nitrile 
(LXVIII), ni.p. 72 
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« J. Ainer, Chem, Soc. 1945, 67, 1745, 1754. 

+ Wallach and 8teindorff, Annahn, 1903, 329, 129. 

♦ 1905, 87, 372. 

* llorsche and Niemann, Ber, 1930, 69, 1996. 
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Rupe and his collaborators’^ have studied several hydroxy- 
methylenecamphor derivatives in their investigations on optical 
superposition. 

In discussing the constitution of hydroxymethylenecamphor 
reference was made to the condensation products which it forms 
with aniline and methylaniline. This reaction is quite genera], 
the condensation j)roducts having the formula (LIVa). Pope and 
Read^ suggested the use of these derivatives for the resolution 
of externally compensated bases, since both d- and Z-hydroxy- 
methylenecam})hors are available. Although the substituted 
mcthylenecaniphors are stable to the ordinary hydrolytic 
i*eagents, they are frequently decomposed quantitatively by 
titration with an alcoholic solution of bromine in accordance 
with the scheme:* 


CO 


CO 


CO 


/ 

1 / 

BI 2 ^ 8^b4 

- ► 

\ 

\ 

\ 


C:CHNi^a CBr.CHBr.Ni^ C 


(LlVa) 


NHfto, HBr 


This method is not, however, capable of general application, 
since, as in so many other cases, the formation of partial racemates 
occurs, and, further, the subsequent hydrolysis does not proceed 
smoothly.® 

Acetylcamphor, which can theoretically exist in two isomeric 
modifications (XXXVI) and (XXXVI a) is probably most con¬ 
veniently prepared by the action of ethyl acetate on a-bromo- 
camphor in the presence of magnesium." It has also been 
obtained by the action of acetyl chloride and acetic anhydride 
on sodiocamphor and by the condensation of acetaldehyde and 
a-bromocamphor in the presence of magnesium.^ Reference was 
made on p. 455 to its preparation from cyanocamphor. Acetyl- 
camphor is an oil, b.p. 118-118*5711*2 mm., l‘03i4, 

^18 95“ 1 - 493 ^^ and there can be no doubt that it consists mainly 
of the enolic modification (XXXVIa). Its solutions are acidic 

* Helv. Chim, Acta, 1934,17, 271; 1936,19, 698; 1940, 28, 63. 

+ J.a.S. 1913,103, 444. ^ Pope and Read, ibid. 1912, 101, 2337. 

s Compare Gibson and Simonsen, ibid. 1915, 107, 11^; Gibson, Kentish and 
Simonson, ibid. 1928, p. 2133. 

II Bruhl, Ber. 1904, 37, 761. 5 Malmgren, ibid. 1903, 36, 2627. 
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and it dissolves readily in alkalis, whilst with ferric chloride in 
alcoholic solution it gives a purple red coloration changing 
through violet to indigo blue. It can be characterised by the 
pre])aration of the oxime, m.p. 104°. Although only one form of 
acetylcamphor is known, benzoylcamphor has been obtained in 
both the etiolic (LXIXa) and ketonic (LXIX) forms. In 1901 
Forster,’^ by the action of benzoyl chloride on sodiocam])hor in 
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toluene solution, prepared a dibenzoate, O 22 U 24 O 3 , 144°, 

fa]/) +189*7°, which gave on hydrolysis with alkali a mono- 
benzoate, C/ 7 H 2 o^^ 2 » Wx» +281*1° (in chloroform), this 

initial value falling to a final value of +216°. Forster observed 
further that when this benzoate was digested for some hours with 
formic acid an isomeride was obtained, m.p. 87-88°, [a]/) + 125° 
(in chloroform), the solution in this case also showing marked 
mutarotation, the value rising to +216°. It became obvious 
from these experiments that the two benzoyl derivatives were 
interconvertible and the change was found to be accelerated by 
piperidine and other catalysts. Forster originally considered the 
dibenzoate to be a deiivative of the enolic form of camphor and 
he formulated the reactions occurring in accordance with the 
scheme: 
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♦ J.a.8, 1901, 79, 991. 
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Subsequent investigation’^ showed this to be incorrect, the 
dibenzoate being represented by (LXX), tlie two isomeric mono¬ 
benzoates by (LX IX a) and (LXIX) respectively. 'Phe assignment 
of (LXIXa) to the enolic form is suiqjorted by the fact that on 
oxidation with chromic acid it yields cam])horquinone, a sub¬ 
stance extremely unlikely to be formed by the oxidation of a 
derivative of the enolic form of cam])hor. 

The enol, Avhich in alcoholic solution gives witli ferric chloride 
an intense ])ur})lc coloration, is readily soluble in alkali. It is 
reduced by sodium amalgam to hcnztjlidi nccamphor (LXXJ) and 
henzylcamphor (LXXII). 



The ketonic form, which has been prepared also by the action 
ol either benzaldehyde, methyl benzoate or benzoyl chloride on 
a-bromocain|)hor in the jiresence of magnesium,' is insoluble in 
alkali, and in aJcoholic solution only slowly develops a colour 
with ferric chloride due to its conversion into the enohc 
modification. 

In view of the theoretical interest of these two isomerides they 
have been exhaustively studied by Dimroth,"^ Vixseboxse,® Lowry 
and Burgess" and by Lowry, MacKonkey and Burgess.’ These 
elaborate physico-chemical investigations, for details of which 
the original memoirs should be consulted, have confirmed the 
structures assigned by Forster to the two benzoylcamphors. 
There can be no doubt that in all its reactions benzoylcamphor 
reacts in one or the other of these two isomeric forms, although 
there aic five possible isomerides. In one ])articular only does 
Forster’s work require alteration. The melting-])oint of the 

* Forster, J.C,S, 1903, 83, 98. 

t Malmgreii, Ber. 1903, 36, 2629. 

* AnnaleVf 1913, 399, 110. 

® Kec. trav. rh%m, 1921, 40, 1. 

If 1923,123, 2122. 

5 Ibid. 1928, p. 1333. 
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ketoni(* modification is 112^, the km or value previously recorded 
being due to the fact that isomerisation occurs if the melting- 
point is taken in the ordinary maimer. 

On (‘hloriiiation, bromination and nitration of benzoyl- 
camphor, substitution at the a-earbon atom ocemrs and the 
resulting derivatives have been obtained m both the stereoiso- 
meric modifications (LXXIIJ) and (LXX ITT a)."* When the enolic 
modification is lieated with ammonium formate at 200-220 in 
a sealed tube Iminobenzoylcarnphor (LXXIV), m.p. 118-1]9°, 
[a]/^ +285-2 , is obtained;^ this substance can also be prepared 
by the action of phenyl magnesium bromide on a-eyanocam])hor.* 
The inline on liydrolysis yields enolic benzoylcamphor. 
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Tschugaev and Pigule\Nski“ have shown that sodiocam])hor 
when treated with carbon disul])hide does not yield the xauthate 
(LXXV) but the sulphur analogue of camphor-S-earboxylic acid, 
camphor-’^-dithio-carboxylic acid (LXXVI), the methyl ester of 
which boils at 179°/8mni., [aj/^ +424-58"^. 
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* Forstrt and Mickolthwait, J.r aS’. 1902,81, 107, Forbter and Jenkinson, ibid. 
1903, 83, o42. 

1 Fornter, ibid. 1903, 83, lOS. 

* Forster and Judd, ibid. 1905, 87, 372. 

Compt. lend. 1911, 153, 388. 
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CAMPHORQVINONE 
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In 1893 Claisen and Manasse made the important observation 
that when sodiooamphor was treated in ethereal solution with 
i^oamyl nitrite a nitrosoderivative, i&onitrosocamphor, was ob¬ 
tained.^ This substance was later prepared by Oddo* by the 
action of nitrous acid on camphor-3-carboxylic acid and by the 
action of i^oamy] nitrite on a-bromocamphor in the presence of 
sodium ethoxide.* /6‘oNitrosocamphor (I) pre])ared by any of 
these methods is not homogeneous (see below) and is the mon¬ 
oxime of camphorqmnone (II), to which it can be readily hydro¬ 
lysed by warming with formaldehyde and hydrochloric acid." 

Evans, Ridgion and Simonsen^ have described the most 
satisfactory method for the preparation of camphorquinone, 
which is obtained in excellent yield by the oxidation of camphor 

(IV) with selenium dioxide in acetic anhydride solution.*^ It is 
also obtained by the action of the same reagent on epicamphor 

(V) ^^ or on borneol (VI).^^ 

The diketone crystallises in golden yellow needles, m.p. 198°, 
[a]y^ —105*4° (in chloroform), when prepared from d-camphor; 

^ Amalen, 1893, 274, 539; compare Hiipe and Splittgcrbor, Ber. 1907, 40, 4313. 

+ A base’CioHigONg, m.p. 278'', is always formed during the preparation of 
?tfonitro 80 caniphor. This has been shown by Egli {Helv. Chirn. Acta, 1929, 12, 270) 
to be represented by formula (A), since it yiehls on treatment with sodium nitrite 
caraphorimide (B). 
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» Gazzetta, 1893, 23, 187. 

^ Clarke, Lapworth and Wechsler, J,(\S, 1908, 98, 40. 

" Lapworth. ibid. 1907, 91, 1134. 5 Ibid. 1934, p. 137. 

Compare V^ne, Compt. rend. 1943, 2l6, 772. 

+t Asahina, Ishidate and Momose, Ber. 1934, 67, 1432. 

^ Allard, BuU. Inst. Pin, 1934, p. 127. 
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it is very volatile in steam. Its constitution has been established 
ll)y its oxidation with hydrogen peroxide to (*am])horic acid,’' 
fission of the ring occurring also when the diketone is digested 
with an alcoholic solution of potassium hydroxide.^ On reduction 
with aluminium amalgam, or with zinc dust and acetic acid, a 
mixture of hydroxycamx)hor and hydroxyei)icamphor is ol)tained 
(p. 427). This mixture of alcohols on further reduction with 
sodium in alcoholic solution yields camphorglycol (III), m.p. 230- 
231°, [a ]23 +12-3°.* The glycol can also be obtained by hydro¬ 
genation of camphorquinone over a nickel catalyst, and when 
prepared by either method is a mixture of stereoisomers, the 
properties of which have been investigated by UMiger* and by 
Rupe." Separation of cis- and tm7is-foTm& was accomplished by 
reaction with acetone, since the ci^-glycols gave i5opro])ylidene 
derivatives, the ^rans-forms being unaffected. The two possible 
^m7i5-glycols have thus been obtained, and althougli they 
both melt at 230-231° they possess different rotatory ])owers, 
[ajff +9*8° and +17-8°, in alcohol. So far, only one of the 
ci5-isomers has been obtained in crystalhne form; it has m.]). 
253-255°, [a]|?“ —17*7°, in alcohol. On oxidation with lead 
tetra-acetate, the glycols give camphoric dialdehydc, m.p. 97°, 
disemicarbazone, m.p. 230°, di-p-nitrophenylhydrazone, m.p. 239°. 

* Forster and Holmes, J.C.S. 1908, 93, 252; compai’c Hollemann, Her. trav. chhn. 
1904, 28, 171. 

+ Claisen and Manasse, AnnaleUy 1893, 274, 83; Aschan, Ber, 1894, 27, 1449. 

t Manasse, ibid, 1897, 30, 659; 1902, 35, 3811. 

* Hdv, Ghim, Acta^ 1940, 22, 139. 

>' Kupe and Muller, ibid, 1941,24, 265 £; Kupe and Thommen, ibid. 1947,30, 933. 
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By the action of bromine on camphorquinone, Manasse and 
Samuel * prepared m.p. 137-138°, and 

CioHnOgBrg, m.p. 197-198°, [ajj, —34°. By hydrogenation of 
the latter in the jnesence of platinum black, the dibroniide is 
formed, which on reduction with zinc dust in acetic acid solution 
yields a monobrmnide, fioHiaOgBr, m.p. 144°, [ajj, +75-25°, and, 
oji further action, d-2:2: *^4ri7nethyh^y(Aohexan-i:-one-\-cxirboxylic 
acid (Vlll). This monobromide gives on digestion with sodium 
methoxide a methoxy derivative (IX), 0 iiHie 04 , m.p. 80 -81', 
which yields, on oxidation, oiOi-dmiethyljjropane-oLphdrlcarboxylic 
acid (X). When the methoxy-compound is hydrogenated, and 
the lactone ring then opened, it gives a glycol (XI), which on 
oxidation with periodic acid, followed by sodium hypobroniite, 
yields ^-methylpentane-^ye-tricarboxylic acid (XIT). The mono¬ 
bromide is therefore represented by (VIJ), the reactions being 
shown in the following scheme:’ 


n,c—CO— 




HaC.C.OH 




H „0 


CH-CO 

(VII) 


HaC—CO—CH CH3 

H.oi.Cli, 
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.CH 3 


-CH.COoH 
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11104 


(XII) 

aOBr 


11,0 


H3C.C.CH3 
-d'H.CO.H 


(XI) 


* Ber. 1897, 80, 3160. 

^ Evans, Simonsen and Bhagvat, J,C,8, 1934, p. 444. 
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The structures of the di- and tri-bromides are not known with 
certainty, but the most probable formulae would appear to be 
(XIII) and (XIV) respectively. 



/CHaBr 

BrllC—00—C<: 





(XIV) 


When cam])horquinone is dissolved in concentrated sulphuric 
acid it is converted into (i-2:2:^-irimethylvyQ\ohex<m-A^-one-\- 
carhoxylic acid (VIll).’^ The formation of this acid which, as 
mentioned above, is obtained also from the monobromide (VII) 
involves a Wagner rearrangement.^ Ac(*ording to Chakravarti,* 
V ho has confirmed the structure and described a partial synthesis 
of the acid, the synthesis claimed by Guha and Gu])ta'* is erro¬ 
neous. When the diketone is treated with fuming sulphuric acid 
the monocyclic diketone, imeamphorquinone (XV), is obtained," 
the constitution having been determined by Bredt, Ro(‘hussen 
and Mohnheim.^ Camphorquinone reacts with hydrogen cyanide 
to yield oL^hydroxy-oi-cyanocamphor, m.p. 197-198^^,’^'^ whilst with 
methyl magnesium iodide the glycol (XVI), m.p. 132'', faj^^ 
+ 0-95'', is obtained.^^ With phenylmagnesium bromide, two 
structurally isomeric |)roducts are obtained, phenylhydroxyepi- 
cantphor, m.p. 193°, and phenylhydroxycamphor, m.p. 114-115°.*^ 
The condensation of camj)horquinone with ethyl sodiocyano- 
acetate, nitromethane and phenylacetonitrile has been investi¬ 
gated by Forster and Withers.^^ By the action of ethyl ortho¬ 
formate on camphorquinone the acetal, b.p. 126-128°/12 mm., 

^ Bhagvat and Simonsen, J,C.S. 1927, p. 77; compare Gibson and Simonsen. 
ibid. 1926, 127, 1296; Bredt-Savel8berg, Zaunbrccher and Knieke, Ber. 1927, 60, 
1801; Chakravarti, J. Ind. C.S. 1943, 20, 301. 

t Compare Ingold, Ann. Reports, 1927, 24, 122. 

t J.C.S. 1947, p. 1666. » J. Indian Inst. Sci. 1939, 22, 265. 

II Manasse and Samuel, Ber. 1898, 31, 3259; 1902, 36, 3836. 

5 Annalen, 1901, 314, 389. 

** Lapworth and Chapman, J.C.S. 1901, 79, 381; Lapworth, thid. 1903, 83, 996; 
1904, 85, 1210. 

JB’orster, ibid. 1905, 87, 241; compare Bniisova, J. Gen. Vhem. Russ. 1939, 0, 

906. 

« Gripenberg, Suomen Kern. 1946,19 B, 46. ** J.C.S. 1912,101, 1327. 
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^10 8" 1.0095, 1*4649, [ql]jj + 61*04° (in alcohol), is obtained. 

It yields on reduction, followed by hydrolysis with mineral acid, 
2 - hydroxy epicam phor. 


CH3 

I 

CH 

Had; io 

Y 

I 

(XV) 


CH, 

H,C-C)-C(OH).CIl, 

HjC.i.CH, 

H,C'-in—C(OH) CH, 


(XVI) 


When heated with ammonia, camphorquinone gives on-imino- 
camphor\ with metliylamine, however, it yields a mixture 
of ^-mcihylaminocamphor and 2-methyla7ninoepicamphor, the 
reagent in this instance functioning also as a reducing agent.^ 
On further reduction, tho latter compounds give a stereoisomeric 
mixture of methylaminohydroxycamphanes.* 

Camphorquinone reacts vigorously with diazomethane to give 
^-meihoxy-Z : 4t-dehydrohomocamphor (XVII), m.p. 54-55° (oxime, 
ni.p. 195-196°), together with a liquid stereoisomer (oxime, m.p. 
185-185*5°). On hydrolysis, the parent homocmnphorquinone, 
m.p. 218-222°, is obtained, which exhibits strongly acid pro- 
]>erties and is therefore assigned the enolic modification by Rupe 
and Frey * and formulated as ^-hydroxy-Z : 4L-dehydrohomocamphor 
(XVIII). On hydrogenation, this is converted into homocamphor 
(XIX), m.p. 192-193° (oxime, m.p. 165°). 


CO CO CO 



(XVII) (XVlil) (XIX) 

* Bredt-Savelsberg and Bund, J. pr. Chem, 1931 [ii], 131, 29. 
t Rupe and Vignano, Hdv. Chim. Acta, 1937, 20, 1078. 

♦ Compare Mazza and Migliardi, Ber. 1939, 72, 689. 

• Hdv. Chtm. Ada, 1944, 27, 627. 
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Bredt* has shown that on fusion with potassium hydroxide 
camphorquinone yields the tert,-semialdehyde of camj)horic acid 
(XX), m.p. 76-78°, the formation of which from 2-hydroxyepi- 
camphor has already been described on p. 42s, The constitution 
of the aldehyde was proved by its electrolytic reduction to the 
alcohol (XXI) which passes readily into ^-campholide (XXII). 


CHO 



COjsH 

(XX) 




/ 

/ 

CsH,, 

\ 

\ 


cn-oH 


COall 

(XXJ) 



Results of very great interest have been obtained from a 
study of the oximes, seniicarbazones, hydrazones and phenyl- 
hydrazones of camphorquinone, and for our knowledge of tliese 
we are indebted mainly to the elaborate investigations of Forster 
and his collaborators. If the formula of cam])horquinone be 
inspected, it is obvious that it can give rise ti) four monoximes, 
two syn- and two anti-, re])resented by formulae (XXllI), 
(XXIV), (XXV) and {XXVI). TJie two former are Monitroso- 
cam])hors and the two latter /^onitrosoepicainphors. 


CO 


CO 


C:N 


CgH,, 


C:N/ 


OH 


C;N 


\ 


OH 


/ 


C:N/^ 


on 


\0H 


CO 


CO 


(syn) (XXIII) (anti) (XXIV) (syn) (XXV) (anti) (XXVI) 


It was mentioned above that when i5onitro8ocam])hor is pre¬ 
pared by the Claisen method the product is not homogeneous. 
By fractional crystallisation, or more conveniently by treatment 
of the crude i^onitrosoderivative with ferric chloride in ethereal 
solution, Forster^ obtained the stable modification of f^onitroso- 
cam})hor, m.p, 152°, [a]^ -f 197° (in chloroform), pure and free 
from the lower melting unstable isomeride. The latter, m.p. 114°, 

• • J. pr. Chem. 1917 [ii], 96, 63; compare Baer, J. Anwr. O.S. 1042, 64, 1416. 
t J.C.S. 1903, 88, 638. 
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[a]^) -f-172*9'^ (in chloroform), first obtained by a method which 
will be referred to later, can be separated from the crude Claisen 
mixture, of which it forms approximately one-half, by fractional 
decomposition of the sodium salt.* A sup})osed third modification 
of i.sonitrosocamphor has been shown to be a mixture of these 
two. It is very unstable and ))asses on heating to 130-140° or on 
exx)osure to light into the stable form. 

The configurations of these two oximes of camphorquinone 
were investigated by Forster,^ who interpreted his results on the 
supposition, acce})ted at that time, that elimination reactions 
(such as dehydration) occurred more readily between cis- than 
between ^m7i,s*-groups. It has since been reahsed* that this is 
not tlie case, and in the account that follows, which includes 
also some additional details described by Meisenheimer and 
Theilacker,^ the conclusions to be drawn from Forster’s experi¬ 
ments have been modified accordingly. 

By the action of methyl magnesium iodide on the oxime an 
alcohol should result which, de])ending upon whether it was 
derived from the syn- (XXIII) or anti- (XXIV) form, would be 
represented by formulae (XXVIJ) and (XXVllI), or (XXIX) 
and (XXX), respectively." When the mixture of i6*onitroso- 
camjihors resulting from the Claisen reaction is treated with the 
Grignard reagent two alcohols are obtained: a-, m.p. 178°, and 
y-, m.p. 195°.^ The latter alcohol is the sole product of the action 
of the Grignard reagent on the stable ii'onitrosocamphor, m.p. 
152°. When an alkaline solution of the y-alcohol is warmed it 
immediately becomes turbid owdng to the formation of the keto- 
nitrile (XXXI), m.]). 38*5°, which when hydrolysed by acid gives 
the keto-acid (XXXII), but under alkaline conditions yields 
imhiohomocarnphor (XXXIII), m.p. 248°; acid hydrolysis of the 
imino-compound gives homocarnphorquinone (XXXIV), m.p. 
223° (compare p. 470). The a-alcohol, however, is quite unaffected 
by this treatment. It follows, therefore, on the basis of a trans- 
elimination of water, that the a-alcohol must be represented by 

♦ r’orster and Kao, J.C.S. 1926, p. 2670. 

+ Ibid. 1900, 87, 232. 

* Inter al., Taylor, J.C.S. 1931, p. 2021. » AnnaJen, 1932, 493, 33. 

'1 The group C:N.OH is in the plane of the paper, whilst the group C(CH8)OH 
is iti a plane at right angles to the paper. 

5 A “j3”-form is now known to be a mixture of the a- and y*alcohols. 
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formulae (XXVTl) or (XXVIII), and the y-aleoliol by either 
(XXIX) or (XXX). Since the y-alcohol can be pre])ared from 


CH3 

/ 

^fill 14 

\ 

\ OH 

V N 

OH 

/ \cH. 

/OH 

C.N^ 

oil, 

\ 

''C:N. 

\()H 

OH 

. 'Vu, 

/ 

\ 

‘'•Yoh 

(XXVII) 

(XX\II 1 ) 

(\MX) 

(\XX) 

(U) cn^ 

/ • 

CsHh 

\ 

^CO CU3 

C8H14 ► 

\ 

\n 

CO 

CgH^ CHg — 

(’() 

.' \ 

—► Cg Hi 4 CH 2 

\ / 

>0 



hH 


(WMf) 

(XA\I) 

(XXMll) 
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the stable i^onitrosoeariiplior, m.]). 152^^, it follows also that this 
must be KXiii-carnphorqmnomoxime (XXIV), whilst the unstable 
moditication, m,]). 114^, must be the sya<ampJwrquinoneoxime 
(XXIII). 

By the action of beiizenesulphonyl chloride in pyridine solu¬ 
tion, the an^toxime gives a di-anhydride, m.p. 154'', whilst the 
t9y/«-oxime gives an isomer, m.p. 195"^. These anhydrides are 
possibly stereoisomeric forms, of structure (XXXV). 


CO 
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C:N-O-^N:C 

(XXXV) 


When the ^m^i-oxime is treated with diazornethane, or its 
sodium derivative is treated with sodium methoxide in alcoholic 
solution, a yellow methyl ether, b.p. 188-192°/90 mm., is obtained, 
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which is probably the iV-methyl ether (XXXVI), since on re¬ 
duction it yields methylaminocamphor (XXXVII). The syn-oxime 
gives the same ether when acted upon by diazomethane. 



A second, colourless, methyl ether, m.p. 107"^, probably the 
0 -methyl ether (XX X VIII), was prepared from both the syn- and 
w/j^i-oximes by the action of methyl iodide in the presence of 
silver oxide.it is formed, together with the yellow ether, by 
the action of methyl iodide and sodium mcthoxide on both 
oximes. It differs from this in yielding on reduction with zinc 
dust 7.-amimcamphor (XXXIX). 



Two benzoyl derivatives of i^onitrosocaniphor have been 
})repared. The colourless benzoyl derivative, C 17 H 19 O 3 N, m.p. 136°, 
is obtained when the -modification is treated with benzoyl 
chloride, either in pyridine or sodium hydroxide solution.* It is 
reduced by zinc dust to aminocamphor, whilst by the action of 
methyl magnesium iodide dimethylaminocamphor is obtained. 
It is hydrolysed by alkali to cn-camphornitrilic acid (XL) and is 
probably the 0-benzoyl derivative (XLI). 


CO 

/ 

^C:N.O.CO.CeH6 

(XLI) 


CO*H 



^CN 

(XL) 


Forster and Holmes, J,C,8. 1908, 08, 244. 
t Forster, Md. 1904, 85, 894; compare Fonzio and Charrier, Oaacetta, 1907, 87, 
1 , 610. * Forster, J.C.S. 1903, 88 , 627; 1904, 86 , 906; 1906, 87, 234. 
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The yellow isomeric benzoyl derivative, m.p. 105-106°, which 
always accompanies the colourless isomer, can be obtained pure 
most readily by treatment of the sy»-oxime with benzoyl chloride 
in cold pyridine solution. It yiel^ the syn-oxime on hydrolysis 
with alcohoUc ammonia. An analogous yellow m-nitrobenzoyl 
derivative, m.p. 136-137°, has been prepared, which is of interest, 
since by its hydrolysis Forster* was first able to isolate the ])uro 
syw-oxime. 

The two isonitrosoepicamphors (XXV) and (XXVI) were 
prepared simultaneously by Bredt and Perkin (see p. 519) from 
epicamphor and by Forster and Spinner.* The latter found that 
when phenyliminocamphor (XLII) was treated with hydroxyl- 
amine in alkahnc solution two phevyliminocatnphoroximes were 
obtained, the a-modification (XLIII) melting at 174°, [a]^^ 
+ 304-4°, and the (XLIV) at 112°, [a]„ +335-4°. When the 


Oil 


J:N/ 


C:N.CeH5 

(XLIII) 




CO 


C:N 




C:N.CeH, 

(XLII) 


NHgOH 
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\0H 


C;N.(;h, 

(XLIV) 


latter was ground up with cold dilute hydrochloric acid and 
the solution immediately filtered, it deposited p-i&onitrosoepica 7 n- 
phor, m.p. 137°, [cx.]jj —179-4° (in chloroform), rising to ~ 191-4®. 
This substance, which was readily volatile in steam, gave a yellow 
benzoyl derivative, m.p. 80° and a yellow 0-methyl ether, m.j). 77°. 
Like the low melting i^onitrosocamphor it was found to be 
unstable, and if its aqueous solution was boiled it passed into 
the stable a-modification, m.p. 170°, [a] 2 > —200-1° (in chloro¬ 
form), falling to —191-0°.* From this a colourless benzoyl 
derivative was prepared, m.p. 122-5°, and both a colourless 
0-methyl ether and a yellow -methyl ether. It will be observed 
that the a-isomeride behaves in an exactly similar manner to the 
stable modification of f^onitrosocamphor. In accordance with 
this, as might be anticipated, a-i^onitrosoepicamphor has the 

* J,C,8. 1904, 86, 904. + Ibid, 1912,101, 1340. 

^ The mutarotation of the two i^onitrosoepicamphors is due to the formation of 
an equilibrium mixture in solution. 
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awfi-configuration (XXVI) and the jff-modification the syn- 
(XXV) (p. 471). Their configurations were proved by methods 
identical with those employed in the case of the two i^onitroso- 
camphors.’^ 
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* Forster, J.C.8. 1913,103, 604. 
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Corresponding to these four monoximes there are four dioximes 
of camphorquinone. These have all been prepared and their 
reactions studied very thoroughly by Forster and his col¬ 
laborators. As the outcome of these elegant investigations, which 
it is unnecessary to discuss in detail, their configurations and 
their relationship to the monoximes have been determined. These 
are shown in the scheme on]). 476. By the reduction of cam])hor- 
quinone dioxime with aluminium amalgam, Rupe and Bolmy’^ 
have obtained 2.^-diaminocarnpham (XLV), m p. 14S-149"; 
a stcreoisomeric form of this diamine, b.p. 246°, is obtained when 
the reduction is carried out with sodium and alcohol. 

Proceeding on similar lines, Forster and his collaborators have 
also studied the hydrazones, scmicarbazones, hydrazo-oximes 
and oxime-semi(‘arbazones of camphorquinone. Whilst the pre¬ 
paration of all the possible isomerides has not in all cases been 
realised, results of considerable interest have been obtained.^ 

The facility with which camphorquinone condenses with 
aromatic amines to yield aryl derivatives of iminocamphor, 
having the general formula (XLVI), led Forster and Thornley^ 
to ])repare a number of these in the hojie that their oximes 
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CH.NH, 
(XLV) 
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(XLVll) might on hydrolysis yield the then unknown /^onitroso- 
epicaniphors. As will be obvious from the investigations dis¬ 
cussed above, success Avas ultimately attained. IMor to this 
Forster and Thornley observed that the 6 i 5 -iminocamphor 
derivatives possessed a remarkably high rotatory ])ower. Thus 
in p 3 nridine p-phenylenebimminocarnphor (XLVllF) has [aj/^ 
4-1509°, giving a molecular rotatory power of 6096°. This is 
evidently connected with the liigh degree of conjugation present 

Helv. Chim. Aita, 1936,19, 1305. 

+ Inter ah, Forster and Zimmerli, J,CM, 1910, 97, 2150, Forstei and Kuii/, ibid. 
1914, 106, 1718. 

* Ibid. 1909, 96, 942. 
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in tlie molecule.’^ The preparation of this type of derivative was 
continued by Singh and his collaborators/ who obtained sub¬ 
stances having even higher rotatory powers. 


0:0 0:0 
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In tlie course of the discussion of the evidence bearing on the 
constitution of camphor (pj). 376-382) it was shown that this was 
based primarily on that of camphoric acid, which can be obtained 
readily by the oxidation of camphor itself and many of its 
derivatives. Whilst the formula for camphoric acid advanced in 
1893 by Bredt accounted in a very simyde manner for the majority 
of the reactions of the acid, yet a number of these were difficult 
to interpret. An attempt will now be made to survey the field 
without discussing in detail all the numerous investigations which 
have been carried out. 

In 1893 there were recorded in the literature no fewer than 
thirteen camphoric acids; the Bredt formula permitted, however, 
the existence of only six. These are d- and Z-ci^-camphoric acids 
represented by formulae (I) and (la) and the externally com¬ 
pensated modification; the d- and Z-Zrans-camphoric acids, 
generally designated i^ocamphoric acids (II) and (II a) and the 
externally compensated form. 

* Compare Forster and Spinner, J.C.S. 1919,116, 891. 

1 Inter oi., J.C.S. 1920,117, 1699j 1921,119, 1972. 
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The investigations of Aschan**' showed that actually only six 
camphoric acids existed, and that the others which had been 
described were mixtures. The melting-points and the optical 
rotatory powers of the acids are given in the following table; 



M.p. 

• Mp 

d- and /-Camphoric acid 

187° 

±47'8‘ 

^/-Camphoric acid 

202-203° 

i 0 ° 

d- and ''amphoric acid 

171-172° 

±47-r 

d/-t«oCamphoric acid 

191° 

±- 0 ° 


d-Camphoiic acid, which has been used for most of the experi¬ 
ments to be discussed in the sequel, and which will be referred 
to simply as camphoric acid, is ])repared as a rule by the oxidation 
of d-camphor with nitric acid. Its formation by the degradation 
of other derivatives of camphor has been referred to frequently 
in the preceding j^ages. Its optical enantiomor])h, /-camphoric 
acid, was first obtained by Chautard^ by the oxidation of I- 
camphor, and later by Jungfleisch* and by Aschan* by the oxida¬ 
tion of Z-borneol. (//-Camphoric acid was first ])repared by 
Chautard by the admixture of equal quantities of d- and /- 
camphoric acids, it being obtained later by Armstrong and 
Tilden" by the oxidation of c/Z-camphor with nitric acid. In 1899 
Debieme^ showed that it could be resolved into (/- and /- 
camphoric acids by the crystallisation of its cinchonidine salt. 

Ber, 1894, 27, 2001; Acta Sci. Fennicae, 1896 [v], 21, 47; Annalen^ 1901, 816, 

209. 

t Annalen, 1867,101, 97; 1863,127, 121; CompL rend. 1863, 66 , 698. 

* Compt. rend. 1890,110, 791. 

« Acta Sci. Fennicae, 1895 [v], 21 , 49. H Ber. 1879,12, 1766. 

5 Compt. rend. 1899,128, 1112; compare Komppa, Ber. 1908, 41, 4470. 
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Ar early as 1872 Wreden’*' had observed that camphoric acid 
V as isomerised whendt 'was heated with either hydriodic acid or 
hydrochloric acid in a sealed tube at 150-160°; to the acid ])re- 
})ared in this manner, he gave the name mc^iocamphorie acid. The 
same change was found by dungfleisch^ to occur with water at 
200 -220^ but the jmre Jaevorotatory i.s‘ocamj)horic acid wHkS first 
pre])arcd by Friedel,"^ who showed that Wreden and Jungfieisch’s 
wr.socamj)horic acid was a mixture of rf-cam})horic acid and 
d-?50cam})hori(* acid. 

Jjater Mahla and Tiemann^ found that isomerisation occurred 
also when cam])horic acid was fused with ])otassium hydroxide. 
Tlie separation of camphoric and i,s‘ocamphoric acids by frac¬ 
tional crystallisation is most laborious, but this can be carried 
out quite readily by Aschan’s method. In this, advantage is taken 
ot the facility with which camphoric acid is converted into its 
anhydride by the action of acetyl chloride, when ?6*ocamphori(‘ 
acid is unaffected and may be se])arate(l from the anhydride by 
solution in cold dilute alkali. For the preparation of ?\9ocam])horic 
acid the most convenient method is that devised by Walker and 
Wood." Cam])horic acid is treated with ])hosphorus pentachloride 
and the mixture of acid chlorides ])oured into water at 80 . w hen 
the filtered solution deposits crude ks-oc*amphoric acid, which can 
be t)urified by Aschan’s method. ^9oCamy)horic acid does not 
yield an anhydride, but on heating gives camphoric anhydride. 
An equilibrated mixture of cam])horic and i6'ocam])hori(* acids is 
obtained when either acid is heated in a sealed tube in acetic- 
hydrochloric acid solution at 180°. 

Cam])horic acid can be most readily identified by the prey)ara- 
tion of the anhydride (III), m.]). 220-221°, which, as mentioned 
above, is formed when the acid is heated with acetyl chloride. 
This anhydride has played an important part in the develo])ment 
of the chemistry of camphor. When reduced with sodium 
amalgam,^ or more conveniently catalytically,** it yields a- 
campholide (IV), m.p. 210-212°, [a];^ -20-2°, a substance pre¬ 
pared also by Baeyer and Villiger by the oxidation of camphor 

♦ Annalen, 1872,163, 328. + Ber. 1873, 6, 680. 

* Bull Soc. chim. 1874 jiij, 22, 403. ^ Ber. 1896, 28, 2153. 

I J.C.B. 19<K), 77, 386. 

5 Hallei, Bull. Soc. chim. 1896 [ui], 7, 984; Compf. rend, 1900, 130, 376. 

♦♦ Kupe and Jkggi, Helv. Chtm. Acta, 1920, 3, 654. ++ Ber. 1899, 32, 3625. 
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with Caro’s reagent. Camphoric acid can give rise to two 
campholides, rej)resented by formulae (IV) and (V); there can, 
however, be no doubt that a-cam])holide must be that re])resented 
by (IV), since it can be converted into the nitrile of homocam- 
phoric acid either by the action of })otassium cyanide (Haller) 
or by the action of hydrogen bromide, when the resulting hroino- 
acid (VJ) gives, with potassium cyanide, the same nitriU (VJJ).’*' 
The acid, homocarn'phoric acid (VIII), obtained from this nitrile 
on hydrolysis is identical with that prepared from oi-Ci/ano- 
carnphor (IX).^ On alkaline hydrolysis, a-canijdiolide gives 
hydroxycampholic acid (X), m.]). 119\^ 


H gC--- CO H gC-C—- ('O 

I \ I \ 

HgO C Cll, () I HgC C Cll, () 


-CH — Chi^ 

(IV) I 


HaC.i.CH, 


HHr vKCN 


■CO^H HgC- 
KCN 1 


1 I / 

- CH-CO 

(Ill) 


HgC—--C- CH^ 

I H,C I (^Hj O 


\iC -CH- CO 


-COM H,C-C- COM 

KOH “1 I 


C.CH, — > H3C C CH3 - ► H3C CH, 

ill -CHgBr HgC- ilH -CH^ CN H/'-i^H-CHg (^OgH 

(VI) (VII) (VIll) t 


CH3 

HgC- i -CO2H 

H,V i CH, 

H,C-—CH,OH 

. (X) 


CH, I 

H,C- 1' -CO 

I H.c i:- CH, I 


H,C-CH—CH CN 

(IX) 


Attention has been directed on p. 380 to the synthesis of 
camphor by the distillation of the calcium salt of homocamphoric 
acid and to its conversion into camphbnonic acid (XI). It will be 
convenient to summarise here the various methods by which this 
interesting acid has been prepared. 

Camphononic acid, m.p. 228°, [a]y^ +21*97°, was originally 

* Komppa, Her. 1908, 41, 4470. 

+ Lapworth, 1900, 77, 1062. 

* Salmon-Legagneur and V^ne, BvM. Boc. chim, 1937 [vJ, 4, 448. 
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isolated by Walker and Henderson’^ in very small amount from 
amongst the products formed by the electrolysis of j8-methyl 
hydrogen camphorate (Xll), and it was next prepared by Lap- 
worth andOhapman (compare p. 381) from aa'-dibromocamphor 
(XIII), whose degradation product, homocamphoronic acid 
(XIV), gave the ketonic acid when its lead salt was distilled. 
A more convenient method for the pre])aration of camphononic 
acid is by the oxidation of dehydrohomocamphoric acid (XV) 
(p. 381). Lapworth and Lentoii^ have further described its 
formation from cam])hanamide (XVI) by two distinct methods. 
In the first of these the amide was converted by the action of 
j)hos])horus pentachloride into the nitrile (XVll), which was 
readily hydrolysed by alkalis to the ketonic acid, whilst in the 
second the amide was treated with sodium hypobromite in the 
presence of excess of sodium hydroxide, when the ketonic acid 
was formed from the primary product, the unstable hydroxy- 
ainino-acid (XVIII). These reactions are outlined in the scheme: 



♦ J.C.8. 1896, 69, 766. 


t im, 1901, 79, 1286. 
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Ganguly^ has described a synthesis of camphononic acid from 
synthetic camphoronic acid (XIX). When trimethyl camphoro- 
nate is partially hydrolysed, the primary ester group undergoes 
preferential saponification and it is i) 08 sible, therefore, to [)repare 
the mono-acid chloride (XX). Treatment of this with diazo¬ 
methane and silver oxide, under the usual Arndt-Eistert condi¬ 
tions, gives trimethyl hornommphoronate (XXI), which undergoes 
cyclisation when treated in benzene solution with zinc and a 
trace of alcohol. The dimethyl 2\2:^-trimethylc\i\opentanone- 
3:5-dmirboxylate (XXII) so obtained is hydrolysed and decar- 
boxylated by heating with dilute sul])huric acid, and gives 
r//-cam 2 )hononic acid (XI), m.]). 230-23 r\ 


CH 3 CH 3 

HoC-i- 


-coxai. 


HO«C 


HaC.C.OHa 

(XIX) 


HaC.i.OHo 


cn, 

1I,(J-()-tXVMIa 

CH, 

I 


CIOC CO2CH3 llaCOaC.HgC C( >20113 

(XX) / (XXJ) 


CHo 




/ 


CH 3 


H 2 C-0-COaCHg / 


H,C- 1 -CO. 


ii 


HgCOaC.HC-CO 

(XXII) 


H, 


H3O.C.CH3 

_ix> 


(XI) 


Camphononic acid cannot be reduced by sodium amalgam, 
resembling in this respect camphor-3-carboxylic acid, but Bredt^ 
found that on electrolytic reduction a mixture of the cis- and 
^rai^-modifications oicamphonohnicacid (XXIII) and (XXIII a), 
m.p. 197-198° and 249-250°, respectively, is obtained. The 
former acid passes readily into camphonolactone (XXIV), m.p. 
160-161°, which was prepared originally by Noyes and Taveau* 
by the action of alkali on the nitroso derivative of the anhydride 
of 3-aminocamphonanic acid (XXV). When the semicarbazone, 

* J. Jnd, C.8. 1943, 20, 101. 

+ J, pr. Chem, 1911 [ii], 84, 786; compare Noyes, (lorsline and Potter, J. Amer 
CM, 1912, 84, 62. 

♦ Amer, Chem, J. 1906, 86, 386. 


^ 1-2 
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m.]). 225°, of camphononic acid is reduced with sodium ethoxide, 
it gives cam 2 )honanic acid (XXVI), m.p. 


ILC -c, 


viu 




I ^C( 

I I OH 

(XXTIJa) 


H,C 


iiaC.C.CHa 

- 


(XXVI) 


I VOHI 


O ^ - Q 

(XXlll) 


CH, 


H„C-L 


-CO 


H^c. r.cu, 

-CH- 


(XXIV) 

. OH 3 

H^C-(L-—CO 

H^cJ^CH, 

I \ 

!— cii—n 


.NO 


(XXV) 


The isomeric ^-campholide (V) was prepared by Haller and 
Blanc ' by the reduction oi ^-methyl hydrogen cawphorate (XII) 
with sodium in alcoholic solution. It was obtained also by Bredt ^ 
by the reduction of the acetate of hydroxy-^-carnpholide (XXVII) 
prepared from the semi-aldehyde of cam})horic acid (see p. 47 J). 
j8-Campholide has m.p. 218-220°, [a]^) -f-39‘2°; it is extremely 
stable and it is not possible to convert it into a cyano-acid by the 
action of ])otassium cyanide, although on alkaline hydrolysis it 
gives the corresponding hydroxy-acid (XXVIII), m.p. 116-117°.® 


CH 3 

HaC-i- 

H3C.C.CH, 

H,c-CH—CO2H 

(Xll) 


CHa 


CH3 

_ 


-CO,CH, H,C-1'-CH, H,C-C-CH.O.CO.CH, 

H, I HjC.i.CH, 


H,C-CH—CO 

(V) I 
OH, ^ 

H,C-C-CH,OH 

H,C.kcH, 

JjH—CO.H 


H.' 


H,C.i.CU, ^0 
-(['H—Cef 


(XXVII) 


H,C- 


(XXVIII) 


• Appel, Z. Pkya. Chem. 1933, 218, 202. 

t Cimpt. rend. 1905, IM, 697. » J. pr. Chem. 1917 [ii], »8, 63. 

• Salraon-Legagneur and Vfene, BnU, Nor. chim. 1937 [v], 4, 448. 



CH. V 


AND THEIR DERIVATIVES 


485 


Since camphoric acid is not symmetrical it can give rise to two 
isomeric hydrogen esters. These are designated a- or orf/m>esters 
and or aZio-esters, represented i*espectively by (XXIX) and 
(XXX), where Ji signifies an alkyl or aryl group. 

r- 

HoC- V - COJi 

“1 I 

I (• CU, 

I I 

-(’M OO^Il 

(XXX) 

(P- or alio ) 

Of.- or oriho-Mithyl hydiogin cainpliorati (XXIX), m.]). 77", 
[a]/j +51*59 , forms the main ])roduct wdicn camphoric acid is 
eslerified with alcohol containing either hydrogen chloride or 
sulphuric acid,*^ but, as Walker has shown, it can be prei)ared 
most conveniently by the addition of one molecular equivalent 
of sodium ethoxide to the equivalent quantity of camphoric 
anhydride in methyl alcoholic solution. j8- or dX\o-Methj} hydrogen 
camphorate (XXX), m.p. 86-87", can be i^repared by the partial 
hydrolysis of the dimethyl ester,"^ 

The constitution of these two esters vould appear to be 
definitely established, the following being the main evidence in 
support of the formulae assigned to them: (i) in the case of similar 
unsymmetrical acids, treatment of the anhydride with sodium 
alkoxides causes esterification of the carboxyl group attached to 
the least substituted (a-) carbon atom;* (ii) partial hydrolysis of 
the neutral esters always results in the preferential hydrolysis of 
the a-carboxyl group;* further, with 16 per cent, alkali the 
jS-ester requires six hours for complete hydrolysis, whereas the 
a-ester is hydrolysed in thirty minutes;" (iii) partial esterification 
results in the formation of the a-ester together with a little of the 
dimethyl ester: (iv) as measured by the electrolytic dissociation 
constants the j8-hydrogen ester is the stronger acid;^ (v) the 

* Biuhl and Braunschweig, Ber. 1892, 25, 1807; Walker, J.C,S, 1892, 61, 1088. 

+ Walker, J.C.S. 1893, 63, 496; Walker and Henderson, tbid, 1895, 67, 337; 

Haller and Blanc, Compt, rend, 1906,141, 697, 

* Blaise, Bull, Soc. chhn, 1899 [lii], 21, 716. 

* Bone, Sudborough and Sprankling, J.C,S. 1904, 86, 548. 

II Bruhl and Braunschweig, Ber, 1892, 25, 1806. 

5 Walker, J,C,S, 1892, 61, 1093. 


I 

H.C-C-C'O^H 

I 

H,(’ (■ (.'H, 
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H/'---f'H— 

(XX1\) 

(a- oi ortho-) 
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j8~ester (XXX) yields on reduction with sodium in alcoholic 
solution jS'Campholide (V), the alcohol (XXVIII) being an inter¬ 
mediate product of the reaction; (vi) on electrolysis of its sodium 


CH* 


CH« 


H«C-i-OO2CH3 


-(*’- 

H.C.i.CH, 


CH, 

'h»c-(!:— 


i;H—CO,H H.C-(I’M—CO.H HjC—ii 


-CH, 

\, 


j^ii 

(XXX) (XXVTII) (V) 


/ 

IH—CO 


salt the a-ester (XXIX) yields a mixture of oL-campholytic acid 
(XXXI) and imlauronolic acid (XXXII); (vii) the sodium salt 
of the j8-ester (XXX) on the other hand yields on electrolysis 
laurolenic acid (XXXTII) and camphononic acid (XI)/ 


CH 3 Cil 3 

HjC-1)——COjH HC= -i 

HjU.l’.CH, —► HjO.O.CH, 

HjC-ia—cojCHj HjC-ia.cOjH 

(XXIX) (XXXI) 

OH, UH, 

H,C-—00,H H,C-(L-—00,0 

H,C.C.CH, 1 H,C.I:.0H, 

H,c-io J 

(XI) 


OH, 


-C.CH 

i. 


CH3 


H3C-^C.C02H 

(XXXII) 

CH3 

i.CO.H 


H ,0 


-i;H—CO.H 


i.CH, 


(XXX) 


H.C-C.CH, 

(XXXIII) 


In spite of this apparently overwhelming body of evidence in 
favour of the structural isomerism of the a- and jS-esters, it was 
suggested by Qudrat-i-Khuda^ that they were actually stereoiso- 
merides. This suggestion was based on the fact that, when either 
the a- or jS-ester is treated with thionyl chloride, and the acid 
chloride, so prepared, is allowed to react with zinc methyl, the 
same ketonic ester (XXXIV) is obtained;* the corresponding 

♦ Walker and Henderson, J,C,S, 1896, 69 , 755; Lapworth and Chapman, ibid, 
1899, 76, 986; Bredt, J. pr. Chem. 1911 [U], 83, 396. 

+ J.C.8. 1930, p. 206. 

* The preparation of the structurally isomeric ketonic ester is discussed on 
p. 501. 
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acid melts at The probability that the two esters were 

stereoisomerides was considered to be supported by the fact that 
they both yield on bromination of their acid chlorides, followed 
by the addition of methyl alcohol, methyl carnphanate (XXXV), 
and that the a-ester is converted into tlie jS-ester by the action 
of thionyl chloride and water. 


H, 




\ I 1 

iC-C- (X\C H 3 J1 gC-C-C^OaCH 3 HjC- V -C U)( 

H3C.C.CH3 — ► H3C.i.CH3 <- HaC.i^CHa 

iC--COCl II 2 C-in-CO.CH 3 HaC-CH— COaCHj 

(XXXIV) 


CiL 


CJH, 


CH» 


HjC- L- — vo^cn^ 1I3C-i:;-(H)a(’H3 HjC -i- 


-co 


h^c.Lcr^ —V I H3(\i:!.o 


0 H 3 


I 

HjC-CH—COCl 


i 1 

HaC-CBr.COCl 


HjjC-C(COCl).() 

1 

HaC-C-CO 

H3C.(!\CH3 \ 
;- 


-COaCHg 
(XXXV) 


These results can, however, be explained without making the 
assumption that the two esters are stereoisomerides. It is well 
known that dibasic acids, which readily give anhydrides, are not 
converted into their acid chlorides, but into their anhydrides, by 
the action of thionyl chloride. It seems therefore not improbable 
that, in this case also, an unstable chloroanhydride is formed 
which passes by molecular rearrangement into the more stable 
j8-ester acid chloride. It would be of interest to repeat these 
experiments with the corresponding esters of f^ocamphoric acid, 
since it has been shown by Bredt^ that when camphoric acid is 
treated with phosphorus pentachloride it yields a mixture of the 

* Compare W^inzcr, Anrialen, 1890, 267, 311; Lapworth and Royle, 1920 

117, 743. 

t Ber, 1912, 46, 1419. 
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acid chlorides of camphoric and i6’ocamphoric acids,* the former 
of which has the unsymmetrical structure (XXXVI), since it 
yields on treatment with ammonia ai-cam 2 )hornitrilic acid 
(X XXVII), the imine (XXX VIII) being an intermediate product 
of the reaction (eomj)are j), 490). The acid chloride of i6foc*amphoric 
acid (XXXIX) has, however, the normal structure and yields 
with ammonia the trans-diamic?^ (XL), m.p. 160 . The corre¬ 
sponding cis-diamide (XLI), m.^). 197-199°, was prepared by 
Winzer^ by the action of ammonia on ethyl cam^^horylmalonate 
(XLIl)/ The reactions involved are shown in the scheme: 




CH, 




H,C--C-CO 
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HgC-C-CON 

H3(\i.CH3 

H3C-CH. CO. CH(COaCaH3 

1 
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CH 3 
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^ Compare Walker and Wood, J.CM. 1900, 77, 386. 
t Annalen, 1890, 267, 307. 

* Compare Buser and Rupe, Helv, Ohim, Acta^ 1943, 26, 867. Ethyl camphoryl 
acetoaeetate has been described by Rupe and Ziekendraht, ibid, 1946, 29, 1529. 
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By dehydration of the diamides, camphoric acid dinitrile 
(XLllI), aV, m.p. 160°; tram-, m.p. 144-145°, is obtained. 
Bredt and 8ouza’^ have studied the conversion of cm-oL-camphor- 
nitrilic ^-amide (XLIV) into the structural isomeride (XLV); 
this may be done either by conversion vith phosphorus peiita- 
chloride into the c?s-dinitrile (XLlIl), followed by partial 
hydrolysis with sulphuric acid, or by direct isomerisation of the 
nitrilic amide with sul])hurie acid. The latter change, which is 
obviously similar to the interconversion of the a- and ^-esters 
discussed above, is considered by Lipp^ to proceed through the 
intermediate formation ofadi-iminoanhydride (XLVl), according 
to the scheme shown below: 


CH 3 


CH 3 
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CH, 


-CONH2 llgC--C-CN HgC'-C-CN 




H.C.i'.OH, 

liaSO^ 

. I. 

—► 

. J. 

-► 


(XLIV) 
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HgC.i.CHs OH 
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(XLlIl) 
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gV V i i. CONHjj 

(XLV) 

CH 3 . 

HgC--(hNH 

I \ 

HgC. C.CH, O 

I / 

HgC-CH C ;NH 

(XLVl) 


A large number of both neutral and hydrogen esters of cam¬ 
phoric acid have been prepared, but these do not require separate 
mention. 

Reference has already been made (p. 428) to the two 
structurally isomeric semialdehydes of camphoric acid. 

Corresponding to the two hydrogen esters of camphoric acid 
two monoamides have been prepared. The a-amide (on-camphor- 
amic acid) (XLVII), m.p. 176-177°, is readily obtained by the 
action of ammonia on camphoric anhydride,^ whilst it can be 


« J. pr. Chem. 1932 pi], 133, 84. 

+ Ibid. p. ST. 

* Laurent, Annalen, 1846, 60, 327; Auwers and Schnell, Ber. 1893, 26, 1522. 
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prepared also by warming i^onitrosocamphor (XLVIll) with 
concentrated hydrochloric acid."^ The a-amide is reconverted 
into the anhydride when it is heated above its melting-point, 
but, if the ammonium salt is distilled, camphorimide (XLIX) 
is obtained. By the action of sodium hypobromite on the amide, 
Noyes^ prepared Z-amino-camphonanic acid (L). 
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If a-camphoramic acid is heated with an excess of acetyl 
chloride, ring closure occurs with the formation of the hydro¬ 
chloride of the imine (LI),* which gives with ammonia oL-cyano- 
camphonanic acid {oL-campJiornitrilic acid) (LII), m.p. 151-152°, 
by molecular reanangement of the unstable imine (LIII). This 
cyano-acid can be prepared much more conveniently by treating 
/^onitrosocamphor (LIV) with phosphorus ])entachloride and 
decomposing the chloride, so obtained, with water.® The calcium 
salt of the nitrile, like that of the isomeric nitrile (see p. 491), 
undergoes an interesting reaction when distilled, being converted 
into a: ^-dimethyl-l^^-heptenoic acid (LV), camphorimide being an 
intermediate product of the reaction." 

The isomeric jS-amide (LVI) {^-camphoramic acid) of camphoric 
acid, m.p. 182-183°, is best prepared by warming camphorimide 

* Claisen and Manassc, Annalen, 1893, 274, 78. 

f Amer. Chem. J, 1894,16. 506. 

* Hoogewerff and van Dorp, Rec, trav. chim. 1895,14, 262. 

* Eupe and Splittgerber, Ber. 1907, 40, 4313. 

•I Bredt and Womast, Anruden, 1903, 828, 346. 
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with dilute sodium hydroxide solution.* When it is treated with 
sodium hypobromite it yields aminodihydro-oi-cam 2 >holytic acid 
(LVII). The jS-amide behaves with acetyl chloride in exactly the 
same manner as its isomeride, yielding the imine hydrochloride 
(LVIII), which with ammonia gives cyanodihydro-oL-campholytic 
acid {P-camphornitrilic acid) (LIX), m.p. 109-111®. On distilla¬ 
tion of its calcium salt the heptene acid (LV) is obtained. 
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Wootton * has described a number of substituted amides which 
were obtained by the action of various bases on camphoric 
anhydride. 


* Noyes, Amer. Chem. J, 1894, 16, 310, 603; Rupe and Splittgerber, Ber, 1907, 
40, 4316. 

+ J.C,8, 1910, 97, 410. 
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Camphorimide (XLIX), in.p. 243-244°, was probably first 
obtained by Berzelius* by the distillation of the ammonium salt 
of the a-amide, but it is more conveniently prepared by the 
distillation of camphoric acid in a stream of ammonia.^* In its 
general reactions it resembles phthalimide, and a number of 
substituted derivatives liave been pre])ared by Evans."*" On 
electrolytic reduction Tafel and Eckstein* have shown that it 
yields <y,-cawphidone (LX), m.p. 295", ^-camphidone (LXI), m.p. 
225'', and camphidimt (LXII), m.p. 209°. The constitution of 
a- and /3-cam])hidones was established by Tafel and Bublitz" 
by converting them, through their nitroso-derivatives, into a- 
and jS-cainpliolides. A simjfier method for the ])reparation of 
a-camphidone consists in heating a*cam})holide with ammonia 
and zinc chloride in a sealed tubc.*^ 
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Being a saturated cyclic acid, camphoric acid is extremely 
stable to reducing agents. When it is heated at 200° in a sealed 
tube with hydriodic acid, it undergoes a molecular rearrangement 
with loss of carbon dioxide and formation of the hydrocarbon, 
laurolene (LXIII), the constitution of which is chscussed on 
p. 512.’^* If red phosphorus be added to the hydriodic acid, then 
1: ^-dimethylcyclohexane (LXIV) is obtained.^^ These two hydro- 

Fehling’s Ilandworterbuchf 2, 380. 

+ Bredt and Womast, AnnaUn, 1913, 328, 338. ♦ J.C,S, 1910, 97, 2237. 

« Ber. 1901, 34, 3277 II Ibid, 1906, 38, 3806. 

5 Eupe and J&ggi, Hdv, Chim, Acta, 1920, 3, 664. 

** Walker and Henderson, J.C.S. 1896, 69, 763. 

++ Balbiano and Angeloni, Gazzetta, 1904, 36, i, 147. 
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carbons are formed also by the action of hydrochloric acid or 
phosphoric acid at high temperatures. 
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Camphoric acid is remarkably stable to the action of oxidising 
agents. As was mentioned on p. 379, it gives on prolonged 
digestion with nitric acid cam])horoihc acid, whilst with potas¬ 
sium permanganate the most important product is Balbiano's 
acid (p. 380). 

When d-cam])horic anhydride in ethereal solution is added to 
aqueous sodium peroxide it gives d-pervAimphoric acid (LXV), 
m.p. 49-50"^; if a deficiency of the peroxide, however, is added to 
the camphoric acid solution, dicawphoryl peroxide (LXVI), m.p. 
142"^, is obtained.’^ 
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The products formed on fusion of camx>horic acid with both 
sodium and potassium hydroxides have been studied in great 
detail by Crossley and Perkin.^ They consist mainly of substituted 
acyclic acids. When the calcium salt of camphoric acid is distilled 
it yields camphorone, l-meihyl‘^Ampropylidcnecyc\opentan-2-one 
(LXVII), b.p. 200-202°, 0-933, 1-4824.* 

Other salts of camphoric acid behave differently on distillation. 
Thus the lead salt yields mainly camphoric anhydride, together 

♦ Milas and McAlevy, J, Amer, C.S. 1933, 55, 349. 

+ J,G.S. 1898, 73, 3. 

* Inter dl„ Wallach and CoUmann, Anruden, 1904, 331, 320. 
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with a little camphorone,’*' whilst from the copper salt isolaurolene 
(LXVIIl) can be ojbtained.^ Other methods for the preparation 
of this hydrocarbon are described later. 
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Results of considerable interest have accrued from a study of 
the action of aluminium chloride on camphoric anhydride. 
Following a ])reliminary investigation by Burcker,* Blanc* 
showed the main product of the reaction to be it^olauronolic acid. 
As the outcome of a more thorough investigation Lees and Perkin" 
and Perkin and Yates ^ found that, in addition to isolauronolic 
acid (XXXII), four stereoisomeric i /d’dimethyl-l^hydroxyeyclo’ 
heQcam‘4t-carboxylic acids (LXX) were formed. It is jirobable that 
the mechanism of the reaction is the following. By elimination 
of carbon monoxide camphoric anhydride passes into oL-campho- 


CH, 

HaC--CO 

I \ 

HjC.C.CHa O 
-CO 


H«C-CH- 


CHa 

H,C-i-CN 

HjC.i.CH, 


(LXXI) 


H.C- 


CH, 


H.C 


HjC.i.CH, 

—in— 


-o 


CO 




H.C 


CH, 


-c/ 

I nch, 
6 .CH 3 

-I.CO.H 


(LXIX) 


H.C— 

|.CH. 
€.CN 




(LXXII) 


\ 


\ 


(XXXIl) 
CHa 
i.OH 

H,(i (!)H.CH, 
(LXX) 


* Boucsein, Arch. Pharm. 1856,138, 277! 

+ Moitessier, Jahreabericht, 1866, p. 410. 

* Compt. rend. 1894, 119, 426; BuU. Soc, chim. 1895 [iii], 18, 901. 

» Compt. rend. 1896, 128, 746; 124, 468; BuU. 8oe. chim. 1896 [iii], 15, 1191; 
1900 [iii], 28, 693. " J.C.S. 1901, 79, 332. 5 Ibid. 1373. 
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lytolactone (LXIX) which decomposes in two directions: (i) with 
loss of water and wandering of one of the grf'w-dimethyl grou])8 
to give isolauronolic acid, and (ii) with a wandering of one of tlie 
^em-dimethyl groups into the ring, so converting a five into a 
six-membered ring. 

A similar change occurs when the chloride (LXXI) of a- 
camphornitrilic acid is treated with aluminium chloride in chloro¬ 
form solution, imlauronoloiiitrile (LXXII) being obtained.'^ 

The hydrogen atom attached to the a- (or 3-) carbon atom in 
camphoric acid can be repla(‘ed readily by halogen with the 
formation of monolialide derivatives. CL-Chlorocamphoric anhy¬ 
dride (LXXIV), m.p. 233-235', was prepared by Marsh and 
Gardner' by pouring chlorocamphoric acid dichloride, obtained 
by the action of an excess of jfiiosphorus ])entacliloride on cam¬ 
phoric acid, into water. It can be prepared also by the action of 
chlorine on the acid chloride.* Like the bromo-anhydride (see 
below), on digestion with alkali or with water it is converted into 
the lactonic acid, camphanic acid (LXXV). 


CHj OH3 

HaC-(!>——CO UaC-i 

HoC.i.CH- \) -^ HoC.i.CHa 


HaC-CCl-CO 

(LXXIV) 


(LXXV) 



oL-Brornocamphoric anhydride (LXXVl) can be prepared by the 
bromination of either camphoric anhydride • or the acid bromide." 
It is best hydrated to the corresponding acid by warming for a 
few minutes with concentrated nitric acid.^ When either the acid 
or its anhydride is boiled with w’^ater, dilute alkali, or in acetic 
acid solution with potassium acetate,** it is converted mainly into 
camphanic acid, a little laurolenic acid (p. 509) being formed 
simultaneously. The important experiments of Lapworth and 


* Salmon-Legagneur, Compt. rend, 1935, 200, 1222. 

+ J,C,S. 1896, 69, 81. 

* Aschan, Acta Sci, Fennkcte, 1895, 21, no. 5, 214. 

* Wreden, Annalen, 1872,168, 330; Fittig and Woringer, ibid, 1885, 227, 1. 
II Aschan, Ber, 1894, 27, 2116, 3505. 

5 Kipping, J.C,S, 1896, 69, 63. 

Aschan, Acta Sci. Fennicae, 1895, 21, no. 5, 221. 
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Lenton on the conversion of camphanic acid into camphononic 
acid were discussed on p. 482. 

Although a>broinocamphoric anhydride yields on treatment 
with alkali only the lactonic acid and no unsaturated acid con¬ 
taining the camphoric acid nucleus, Bredt and his collaborators’^ 
showed that when ynethyl <SL-chlorocamphorate (LXXVII), m.p. 

is distilled at the ordinary pressure it yields a mixture of 
methyl dehydrocamphorate (LXXVill), b.p. 115 mm,, and 
methyl camphanaie (LXXIX). The former can, how^ever, be pre¬ 
pared in better yield by the distillation of phenyl oL-chlorocayn- 
phorate, m.]). 80\ 
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On hydrolysis, methyl dehydrocamphorate yields dehydro- 
camphoric acid (LXXX), d-form, m.p. 202-203", raJ 2 > 4-118»6°, 
which, on distillation at the ordinary pressure, yields a mixture 
of cam phonenic acid (LXXXI) mxAimdehydrocamphoric anhydride 
(LXXXII), m.p. 185*5-186", imdehydrocamphoric acid melting 
at 181-182". 

Dehydrocamphoric acid, which yields on oxidation with dilute 
potassium permanganate camphoronic acid, does not give an an¬ 
hydride. When heated at 100" with hydrobromic acid, it yields 
a mixture of cis- and tvdA\^-^-bron\ocamphoric acids (LXXXIII) 
and (LXXXIV), melting at 158-160" and 232", respectively. On 
reduction with zinc dust in acetic acid solution the cis-acid yields 
camphoric acid and the trans-acid i«ocamphoric acid. They differ 
also in their behaviour towards sodium carbonate solution, since 
the cis-bromo-acid gives 4:-hydroxycamphoroUictone (LXXXV), 
m.j). 228", whilst the tra?i5-acid gives tvdmB-4:-hydroxycamphoric 
acid (LXXXVI), m.p. 194", and camphonenic acid (LXXXI). 
Owing to the possibility of Walden inversion during replacement 


« AnruiUn, 1913, 395, 26. 
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of the bromine atom, tlie formation of the lactone (LXXXV) docs 
not necessarily show that the bromine atom in (LXXXIII) is 
cis- with respect to the tertiary carboxyl grou}>; a /m/^s'-(*onfimira- 
tion would, in fact, be more probable. 
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Of the remaining halogen acids derived from cam])lK)ric 
acid, mention need only be made of oj-{Q-)bro7yioca7nphonc acid 
(LXXXVri), m.p. 208-210'', anhydride, m.p. 142°, prepared by 
Armstrong and Lowry*' by the oxidation of a>-bromocamphor 
(p. 404), and TT-brornocamphoric acid (XC), m.p. 216-217°, 
anhydride, m.p. 155-156°, obtained by Kipping^ by the oxidation 
of aTT-dibromocamphor (p. 408) with nitric acid. 

When treated with silver oxide, (iZ-a>-broniocamphoric acid 
gives dl-io-camphanic acid (LXXXVIII), m.p. 151-152°, whilst 
when heated with dilute alkali it gives the corresponding 

J.C.S, 1902 81 1467. 

+ Ibid. 1896, 69, 913; Lapworth and Kipping, ibid, 1897, 71, 12. 
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hydroxy-acid, dl-co-hydroxycamphorie acid (LXXXIX), m.p. 
158-159^^ 


0}u - 

U^C -([;-COall 


■O ClIjHr OHjOH 

HjC-——CO^H HjC-i-COjH 

— > ! 


H,C-CH 


If.C.C.C’H 


-CO H.C 


(LXXXVJIT) 


-(*;h— cOjH HjC- 

(LXXXVII) (LXXXIX) 


When TT-broinocamphoric acid is warmed with dilute sodium 
hydroxide it yields the sodium salt of traxiH-TT-camphanic acid 
(XCI), m.p. 104-165'^, from which, by boiling with an excess of 
alkali and acidification, the corresponding hydroxy acid, traiis- 
TT-hydroxycamphoric acid (XCII), m.p. 131°, can be prepared. 
ThivS acid, when distilled, loses water with the formation of a new 
lactone, Q\s-7r-camphanic acid, m.p. 226°. The hydroxy acid 
corresponding to this lactonic acid is extremely unstable and 
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cannot be obtained pure. These two lactones are, according to 
Kipping, the stereoisomerides represented by (XCI) and (XCIII), 
the ci5-acid being a derivative of i^ocamphoric acid. They differ 
in a remarkable manner in their stability to oxidising agents, 
since, whereas the tra?i5-acid is readily oxidised by nitric acid to 
tTBXis-camphotricarboxylic cLcid (XCIV), m.p. 195-196°, the cis- 
acid yields ci^-hydroxy-TT-camphanic acid (XCV), m.p. 264-266°. 

♦ Komppa, J, pr, Chem, 1943 [ii], 162, 19. 
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Camphoric acid cannot be directly sulphonated, but the 
TT-svlphonic acid (XCVII) was prepared by Lapworth and 
Kippingby the oxidation of cn-bromocainphor-TT-svlphonic acid 
(XCVl) with an ammoniacal solution of ]>ota8sium perman¬ 
ganate. It melts at 188"^ with the formation of the anlnjdride, 
m.]). 220- 222"^. This anhydride can be converted readily into the 
corresponding snlphonyl chloride, m.p. 184-l85^ or bromide. 
m.p. 169-170", wliich, when heated above their melting-points, 
yield respectively rr'Chloro- and ir-broyno-caynphone ayihijdrides. 
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When camphoric acid (or camphoric anhydride) is warmed 
with concentrated sulphuric acid, an unsaturated sulphonic acid, 
sulphocamphylic acid, C 9 H 14 O 5 S, is obtained.^ This acid is formed 
also when ? 5 olauronolic acid (XXXII) is treated with concen¬ 
trated sulphuric acid. The reactions of this interesting sulphonic 
acid were studied in very great detail by Perkin, ^ who concluded 
that it was represented by formula (XCVIII) and that, in its 
preparation from camphoric acid, t^olauronolic acid was formed 
as an intermediate product. Lewis and Simonsen,* however, have 
shown that it is 2\Z\^4rimethyh^^-QyQ\opentene-\-carboxyliC’‘4:~ 
sulphonic acid (XCIX). On oxidation with nitric acid it gives 
dimethylmalonic and oxalic acids, together wdth ^-sulpho-oLOL- 
dimethylglutaric acid (C) which on pyrolysis gives cuoL-diynethyl- 
glutcLConic acid (Cl)." When sulphocamphylic acid bromide is 
heated at 155" it gives an unsaturated bromo-acid (CII), the 
structure of which is proved by ozonisation to the bromoketo- 
acid (CIII) which on further oxidation with sodium hypobromite 

* J.C\S. 1897, 71. 8. 

+ Walter, Ann, Chim. 1843 fiii], 9, 179; Kachlcr, Annalen, 1873, 169, 179; 
Damsky, Ber, 1887, 20, 2969; Koenigs and Hoerlin, ih%d. 1893, 26, 812; 1894, 27, 
3466; Perkin, J,C,8, 1898, 78, 798. 

* J,C,8. 1898, 73, 798; ibid. 1903, 83, 836. » Ibid, 1937, p. 467. 

•' This was erroneously identified by Koenigs and Hoerlin {Ber. 1893, 26, 812) 
as terebio aoid. 
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yields bromoform and aa-diniethyl^lutacoiiic acid (Cl). The 
alternative struc*tu|:’e (CIV) for the l)romo-add was rejected, 
since it had already been assigned to icVobromodihydro-j8-eain- 
phylic acid ({). 501), with which the above bromo-aeid was not 
identical. 
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The recognition of sui{)hocani])hylic acid as a sulpho/so- 
lauronolic acid suggests that the ])rimary action of sulphuric acid 
on camphoric acid is to give a-cam})holytic acid, which isomeriscs 
in the presence of the mineral acid to i6’olauronolic acid; the 
latter then undergoes sulphoiiation without further molecular 
rearrangement. 

If sulphocamphylic acid is heated at 210-220' or distilled in 
steam at 170-190° it is converted into Avolauronolic acid.^ By 
fusion with sodium hydroxide Perkin obtained tvo isomeric 
acids, oL-camphyllc acid, m.p. 148°, and p-camphi/lic acid, m.]). 
105-106°.^ The structures of these acids have been determined 
by Lewis and Simonsen,* a-camphylic acid being represented by 
(CV). It contains a conjugated system of two ethylenic linkages, 
and gives a crystalline addnet, m.p. 106°, by condensation of its 

♦ Koenigs and Hoerlin, Ber. 1893, 26, 813. 

+ C’ompare Alder and Windemuih, Annalen, 1939, 643, 28. 

t J,C.S, 1936, p. 734. 
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methyl ester with a-naphthaquinone. On hydrogenation it gives 
(lihydro-oL-campholytic acid (OVI), whilst oxidation with ozone 
gives methyl isopropyl ketone and oxalic acid. Perkin observed 
that on reduction with sodium amalgam it gave cL-campholiitic 
arid (CVII). 
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j8-Camphylic acid (CVIIl) also contains two conjugated 
ethylenic linkages, and its methyl ester gives an adduct, m.p. 
IBS'", with a-naphthaquinone. On hydrogenation, dihydro\^o- 
lauronolic acid ((IX) is formed, whilst oxidation with ozone gives 
met hy 1 isopro] )yl ketone and oxalic acid. With hydrogen bromide 
it yields iBobroniodihydro-^-cmnphylic acid [bromoi^olauronolic 
acid) (OX), the structure of which is proved by ozonisation and 
subsequent oxidation of the bromoketo-acid (C^XI) with sodium 
hypobromite to n^-dimethylsucA^inic acid ((^\I1). 
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By the action of a limited amount of methyl magnesium iodide 
on camphoric anhydride, Komjipa and Rohrmann* obtained 
a small yield of the keto-ester (CXIII) from which the corre¬ 
sponding acid was prepared; it crystallised with one mol. of 
water, and melted at 76-78° (semicarbazone, m.p. 223-224°). The 


* Annalen, 1936, 621, 229; compare Komppa, Ber, 1908, 41, 1039. 
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ester is the structural isomer of the ketonic-ester (XXXIV) to 
which reference has been made on p. 486. With an excess of the 
Grignard reagent, dimethylcampholide (CXIV), m.p. 83-5-85°, is 
obtained, together with an unsaturated acid, m.p. 68°, to which 
is assigned formula (CXV), since on oxidation it gives the keto- 
acid corresj)onding to the ester (XXXIV); on repeated crystal¬ 
lisation, the melting-point of (CXV) rises to 87-88°, and this is 
considered to be due to a transformation of the isopropenyl form 
((XV) into the i^opropylidene structure (CXVI). Quantitative 
conversion of diniethylcam 2 )holide into the unsaturated acid is 
brought about by heating with 50 j^er cent, potassium hydroxide 
at 300°. 
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So7ne Degradation Products of Camphoric A cid. By the degrada¬ 
tion of camphoric acid and its derivatives, a number of acids 
containing nine carbon atoms have been prepared, either the 
a- or j8-carboxyl group having been eliminated. The determina¬ 
tion of the structure of these acids has been attended with con¬ 
siderable difficulty, since many of them readily undergo the 
Wagner rearrangement. In the account which follows, those in 
which the tertiary (j8-) carboxyl group has been eliminated will 
be considered first. 

(x-Campholytic acid, 1:1: 2-trimethyl-l^^-cyc\opentene-6-car- 
hoxylic acid (II) was first prepared by Walker* by the electrolysis 

♦ J.C\8, 1893 , 63 , 496 . 
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of the sodium salt of a-ethyl hydrogen camphoratc (I), when 
hydrolysis of the ethyl ester, so obtained, gives an acid having 
a small laevorotation. 


CH, 


Ha< 

J -< 

C.COaNa 


JIC 


II3C. 

(!).CH, 

1 

—► 


H,< 

- ( 

iH.COAH, 


H3C 


(I) 


r 

HsC.i.CHg 
- hi CO.N 


(II) {R 11 or 


Shortly afterwards Noyes ^ prepared the acid by a completely 
different method. When j8-camphoramic acid (111) is treated 
in alkaline solution with bromine it yields aminocliftydro-oL-cam- 
pholytic acid (IV), which by the action of nitrous acid gives a 
mixture of hydroxydihydro-OL-campholytic acid (V), campholyto- 
lactone (VI) and oi-carnpholytic acid (11). 


on. 

-i.o 


CON Ho 


H,C 


CH. 

- 1 . 
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Nil* 


H 3 C.C.CH 3 KOH i Bra 

hJ' -kl.COjU 

(III) 


2 ”2' 
HjO.i.CU, HKOj 


ll.C-CH.CO.U 


(IV) 

Oil 
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HC- 




H.c.kcn, 

——l)H. CO,H 


(H) 


CH, 

H,C-d’.OH 

H,C.(!'.CH, 

'—*-iH.CO,ll 

(V) I 
CH, 

H,C-(!) -0 

H,C.t’ CH, 

H,C-—CO 

(VI) 


A more detailed study of this reaction was made by Noyes and 
Potterwho foimd that when aminodihydro-a-campholytic acid 
is heated it yields an anhydride (VII) which gives with nitrous 
acid a m>oao-derivative (VIII), m.p. 188-189°, from which, by 
the action of alkali, <ra»s-hydroxydihydro-a-campholytic acid, 

* Aymr. Chem. J. 1894, 16, 500; 1895, 17, 424; Noyes and Phillips, thtd. 19(X), 
24 290. 

t J. Amer. C.S. 1912, 84, 1067. 
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m.p. [ajjr; +7*01°, together with some a-campholytic 

acid, campholytolactoiie and imlaurohne (IX), was prepared. 


H„C- 


CH 3 

-L- 


H«( 


H3C.C.CII3 

-Jh- 


-NH 
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—^N. 




U.C.ij.C 


NO 


OH, 


-in—I 


00 


H 


HC = C.CH, 
iC.koH, 

—djH. 


(VU) 


(Vlll) 


2V>- 

(IX) 


From the /m/i.s-hydroxy acid they prepared tmn^-campholyto- 
lactone, m.p. 115-117', +121*9'', which differed from cis- 

campholytolactone,m.]). 118-119°, [aj^, + 8*5°. The latter lactone 
was first obtained by Tiemann and Kerschbaum* by the action 
of nitrous acid on aminodihydro-a-campholytic acid, and yields 
on solution in alkali and careful acidification cm-hydroxydihydro- 
oL-campholyticacid,m.\}, 118*5°, [aj^ +50*8°.^ 

a*Campholytic acid was synthesised by Perkin and Thorpe^ 
during the course of their synthesis of camphoric acid, which is 
described on p. 383. By the action of methyl magnesium iodide 
on ethyl i:l-dimethyJcyc\opvntan-5-on€-2-carboxylate (X) they 
obtained a lactone, oi-camphoUictone (XI), b.p. 155-157°, possibly 
a mixture of ci5- and fm?^6*-campholytolactones. This lactone gave 
with hydrogen bromide 2-6rowo-l \ l \24rimethylcY(i\opmtane-- 
^-cxirboxylic acid (hydrobromide of oc-campholytic acid)® (XII), 
m.p. 108°, and from this by the action of sodium carbonate 
a-campholytic acid was obtained. 

On oxidation with potassium permanganate a-campholytic 
acid yields dihydroxydihydro-oL'Campholytic acid (XIII)," cis- 
hydroxydihydro-oi’-campholytic acid (XV) and h-keto-^-carboxy- 
yy-dimethylhexoic acid (XIV), m.p. 119-121°.^ If the acid is 
oxidised with chloric acid in the presence of osmium the lactone 
(XVI) is obtained, being formed evidently from the hydroxy-acid 
(XV). 

♦ Ber. 1900, 33, 2953. 

^ The reactions of the corresponding amino-acid derived from isocamphoric acid 
have been investigated by Noyes and Littleton {J, Amer, C.S, 1913, 35, 76) and by 
Noyes and Nickel! (ibid, 1914, 36, 110). 

t J.C.S. 1904, 85, 147. 8 Compare Noyes, Ber. 1895, 28, 551. 

Tiemann and Kerschbaum, Ber, 1900, 33, 2940; Blanc, Bull, Boc. chim, 1901 
[iiij, 25, 83. 

5 Ohandrasona, Ingold and Thorpe, J,C.S, 1922,121, 1648; 1926,127, 1677. 
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(XIV) 

CH3 

,(\l — 


3 

OH 


H.V.C.CH, 

hJj- 1\) 
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(XJIl) 

CH, 

HgC- 1. 

H3C-i^H.COaH 

(XV) 


/ 


,/ 

KMn 04 


( 11 ) 


With bromine, a-(*am])holytie acid gives a dibromidey in.p. 
11(J~114'.^ 

The most characteristic reaction of (x-campholytic acid is the 
remarkable tendency which it shows to isomerise to i^olauronolic 
acid {imcampholytic acid, ^'-carnpJiolytic acid) (XVI I), this Wagner 
rearrangement occurring when the acid is allowed to stand in the 
cold with sulphuric acid (1:1), or warmed with dilute sulphuric* 
a(‘id.^ The reaction is reversible, since if t^olauronolic acid is 
treated with cold concentrated aqueous hydrogen bromide it 
yields the hydrobromide of a-campholytic acid (XVIII).* 


HC 


CH 3 

-h 


CH, 




mc.i. 


CH 3 

in. com 


H 3 SO 4 


H«C- 


CHs 


H, 


-i. . 

i.CH, 

-ii. 00.11 


HBr 


OH, 

i.' 


H, 


H.C.d.’. 


Br 


CH, 


(H) 


(XVII) 


(XVlll) 


• Noyes, Ber. 1893, 28, 562. 

^ Noyes, ibid. p. 548; Amer. Chsm. J. 1896,17, 428; Perkin, J.C.S. 1903, 83, 854. 
Walker and Cormack, J.C.S. 1900, 77, 378. 



506 


CAMPHANE, i^OCAMPHANE 


W'oLauronolic acid was first isolated by Walker"^ in the form of 
its ethyl ester from amongst the products obtained by the 
electrolysis of the sodium salt of a-ethyl hydrogen camphorate 
(XIX), and later by Walker and Cormack^ from the corre¬ 
sponding methyl ester. As was mentioned on p. 494 it can be 
very readily prepared by the action of aluminium chloride on 


CH 3 

H3C-i-COjU 

HaC.i.CH, 


CH 3 




11,C-C.CHg 

i.CH, 


—OH.COjC'sHs 
(XIX) 


-C.C0,/i 


(XVll) (R = H or CjH.) 


camphoric anhydride, and it is also formed when sulphocamphylic 
acid is distilled in superheated steam (p. 500). i6‘oLauronolic acid, 
which is dimorphic, melts at 135'^ and is volatile in steam. The 
constitution of the acid is established by its oxidation with ozone 
to (XX).* This keto-acid is also obtained when chromic acid 
is used as the oxidising agent.® 


CU, 

-i.c. 


0 H 3 




C.CH3 

II 

-C.COaH 

(XVII) 




CH 

i.o. 


oA, 


CH 3 

CH« 


H3C-COgH 

(XX) 


When i^olauronohc acid is oxidised with potassium perman¬ 
ganate in ice-cold neutral solution, it behaves in a somewhat 
remarkable manner, the main product of the reaction being a 
ketonic acid, isolauronic acid, m.p. 133." Blanc has shown this 
acid to be i:l’dimethyl-^^-cyclohexen~2~one-4:’'Carboxylic acid 
(XXII), which must be formed by the internal condensation of 
the diketonic acid (XXI), the reaction proceeding in accordance 
with the scheme: 


1893, 63, 504. 

+ Ibid. 1900, 77, 375. 

* Haworth and Perkin, ibid. 1908, 88, 588. 

s Blanc, Bull. Soc. chim. 1898 [iii], 19, 534; Ann. Chim. 1899 [vii], 18,259; Perkin, 
J.C S, 1898 73 811 

II I'fUer al., Blanc, Bull. Soc. chim, 1898 [iii], 19, 281. 
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CH, 




H«a 


CH 3 

II 




o[\Cli8 

—OO.COoH 


HoC- 


-C—CH, 


(X\’H) 


(XXI) 


CO 

HgC-C.COoH 

iXWl) 


On reduction with sodium in amyl alc^oliolic solution iso- 
lauronolic acid yields the saturated acid, dihydroitiolauronolic 
acid (XXIII), l).p. 114''/22 rnin.,’*' which gives on bromination 
(x-bromodihydromolauronolic acid (XXIV), m.p. 124-125^. This 
bromo-acid is reconverted into Molauronolic acid by the action 
of alkali. The isomeric ^-brorno-acid (XXV), m.p. 132-135'', is 
obtained when isolauronolic acid is treated with aqueous 
hydrogen bromide (50 per cent.)^ although, if a solution of 
hydrogen bromide saturated at 0*^ is used, then the hydrobroniidc 
of a-campholytic acid (XVI11) is obtained. 
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(XVII) 

\CH, 

-i.Br 


-djH.CO.H 


(XVIll) 


When isolauronolic acid is heated under pressure at 300°* or 
distilled after admixture with anthracene,* elimination of carbon 


• Noyes, Amer. Chem. J. 1896,18, 189; Perkin, J.C.S. 1898, 78, 880. 
t Walker and Cormack, J.VM. 1900, 77, 381. 

• Blanc, BvU, Soc. chim. 189S [iii], 19, 700; Ann, Chim. 1899 [vii], 18, 215. 

• Crossley and Keuouf, J,V.S. 1906, 89, 41. 



508 


C AMPHANE, /iSOCAMPHANE 


dioxide occurs with the forniation of the hydrocarbon, iso- 
laurolme (XXVI), b.p. 108-57758 mm., djf 0*7867, 1-4333. 

The constitution of this hydrocarbon has been proved by its 
synthesis by Blancwho also succeeded in reconverting it into 


CHa 

-C.COoIl 


(XV[1) 


H.C- 


H, 


Cll, 

-i.CH, 

i.CH. 

i-H 


(XXVI) 


isolauronolic acid, but a more direct synthesis of the acid is that 
described by (Juha and Subramanian.^ By the condensation of 
ethyl dimethylacetoacetate with ethyl a-bromosuccinate, fol¬ 
lowed by cyclisation and decarboxylation, ketoimlauronolic acAd 
(XXVII), m.]). 186-187^, was obtained. On reduction with zinc 
and hydrochloric aedd this gave dihydro?.solauronolic acid 
(XXIIl), which was converted into Molauronolic acid by bro- 
mination and treatment with alkali, as already described above. 
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CH.CH 3 
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(XXllI) 


There has been considerable confusion in the nomenclature of 
the acids derived from camphoric acid by the elimination of the 
a- (secondary) carboxyl grouj), owing to the intramolecular 
rearrangements which occur in their formation. In the sequel 
Bredt’s nomenclature* is adopted. 

« CompL rend. 1906,142, 1086. + Ber. 1937, 70, 2228. 

* J. pr. Chem. 1913 [ii], 87, 1. 
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Only one unsaturated acid, C 9 H 14 O 2 , retaining the camphoric 
acid structure and its tertiary carboxyl grou]), is known. This 
acid, camphonetiic acid (XXVITI), formerly designated y-htnro- 
nolle acid, was first ])re])arcd in an impure state by Noyes In t he 
action of nitrous acid on aminocamplwnanic acid (XXIX), and 
later by Noyes and Taveau^ by the action of alkali on flic nitum> 
derivative (XXX) of the anhydride of this acid. Cam]>honenic 
acid can be prej)ared most readily by the distillation of deh^ dro- 
cami^horic acid (XXXI) as was mentioned on ]). 490. 

C^amphonenic acid melts at 155 156° and its constitution has 
been proved by its oxidation to cam])horonic acid (XXXIT). 
Isomeric with cam])honenic acid, but having a different ring 
structui‘e, is the acid formerly known as lauronoHc acid, but u hi(*h 
has now been designated laurohnic acid. This acid vas first pre- 
jiared by Fittig and Woringer" by the distillation of cam])hanic 
acid (XXXI11) and also by heating a-bromocamphori(‘ anhydride 
(XXXIV) with wafer. It can be obtained more conveniently 
from the latter by warming with sodium carbonate solution.** 
It is formed also when camphonolactone (XXXV) is heated with 
hydrogen bromide and the resulting unstable hromocamphonanic 
acid (XXXVl) warmed wdth alkali." 

The identity of the acids prepared by these various methods 
was established by Noyes and Burke,^ the slight differences in 
their properties being due to partial racemisation. Laurolenic 
acid has m.p. 13°, b.p. 135-135*5°/]4*5 mm., l-()()9, 

[a]/; -|-]85-5°, and forms a very characteristic calcium salt, 
which, according to Bredt,*’^ crystallises with two molecules of 
water of crystallisation, although other authors (Noyes and 
Burke) state that three molecules are ])resent. The constitution 
(XXXVII) now^ assigned to laurolenic acid, was first suggested 
by Lapworth,^^ who recognised that, in its preparation by any of 
the methods referred to above, a Wagner rearrangement, with 

♦ Bet. 1895, 28, 553; Amer. Chem. J. 1894,16, 508; 1895, 17, 433. 

+ Amer. Chem. J. 1906, 35, 379. 

* Annalen, 1885, 227, 1; comparo Brodt and Amann, J. pr. ('hem. 1913 fn), 87, 12. 

8 Aflchan, Ber. 1894, 27, 3504; Awaalea, 1896, 290, 187; compare Tiemann and 
Tiggea, Ber. 1900, 38, 2944, Bredt, Houben and Bevy, ibid. 1902, 36, 1288. 

'1 Bredt and Amaim, J. pr. Chem. 1913 [li], 87, 12. 

9 J. Amer. C.S. 1912, 34, 174. 

J, pr. Chem. 1911 [ii], 83, 395. 

n Bnt. Assoc. Report, 1900, p. 327; compare Lapworth and Lenton, J.(\S. 1901, 
79, 1284. 
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the shift of a methyl group, occurred. The absence of the 
“ camphoric acid ” ring structure is pri)ved by the fact that it does 
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not give any camphoronic acid on oxidation.* When laurolenic 
acid is oxidised with potassium permanganate it yields dihydroxy- 
dihydrolaurolenicacid (XXXVIII), m.p. 153-154°, sudlaurenone, 

* Bredt, Houben and Levy, Ber. 1902, 86, 1288. 
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b.p. 92-95^^/16111111., 0*9572, 1*4853, oxime, m.p. 105- 

107°, which must be represented by either (XXXIX) or 
(XXXrXa)." 


CH3 

1 ® 


CH, 



CH, 

■C.CO.^H 


i.COjH 

1 

HaC 


j 

- C.CO^B 


KMn 04 

HO.C.C^H, — 

1 





HoC (X()H)CH3 


\ _ 

—CO.on, 


(XXXVIl) 


(XXXVHI) 


ni. 


/ 


/ 

llgC-CH-CO 

hJ -c- “ CH 

I 

CH3 

(XXXIX) 


/ 


/ 


/ 


u.v- 


i 

CH3 

li 

- CO -CH 

(XXXI Xn) 


When lauroicnic acid is boiled with dilute acids it gives a 
lactone, laurolacione, formerly called campholactone (XL), m.p. 
50°, which is isomeric with camphonolactone (y). 483). It was 
observed by Schryver^ that laurolactone could be nitrated, 
yielding nitrolaurolactone, m.p. 171°, which from its reactions 
undoubtedly contains a tertiary nitro-group, and must therefore 
be rejiresented by (XLT). Noyes and Homberger* prepared a 
structurally isomeric nitroldctone, m.p. 122°, by the nitration of 
camphonolactone. 


CH^ 


CH, 


H,( 

c CO 


HgC 


j 1 

HgC.ClI 0 

HNO, 



1 

-► 
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With hydrogen iodide laurolenic acid gives an unstable 
hydriodide, which yields on reduction laurolanic acid (dihydro- 
laurolenic acid), b.p. 215°/749 mm., 0*9008, 1*4786, 

Wd -f 1*74°, amide, m.p. 50“51°. 


♦ Lapworth, Brit. Aaaoc. Report, 1900, p. 327; Bredt, J. pr. Chem. 1911 fii], 83,400 
t J.C.8. 1898, 78, 569. ♦ J. Amer. C.S. 1910, 32, 1665. 
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By the distillation of camphanic acid, in addition to laurolenic 
acid and other products, a hydrocarbon, Idurolene, is 

formed.’^ Lanrolene is also obtained when (‘alciuin camphanate 
is distilled,^ >)y the distillation of laurolenic acid,* by the action 
of sodium nitrite on arninolauronic acid or by the action of alkali 
on the nitroso derivative of arninolauronic anhydride.^ Laurolene, 
prepared by any of these methods, has b.p. 119-5- l20-5'776()mm., 
0*8048, 1*4437, the rotatory [)ower showing marked 

variations, [aj/^ +28*65"' to —14*7"". It was suggested by 
Eykman" that it was probably represented by (XLII), and 
su])])ort was lent to this structure by the observation of Noyes 
and Derick that, on oxidation with potassium permanganate, 
cLy-diacetylbidane (XLHI) was obtained. This constitution was 
confirmed by Noyes and K yriakides,*^ who described a synthesis 
of the hydrocarbon. 
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Although epicam])hor (or j3-cam])hor) (I) has not been found to 
occur in nature, in view of its close structural relationship to 

^ Aschan, AmialeUy 1896, 290, 187; compare (Vuusley arul Renouf, 1906, 

89, 37. 

+ Wreden, AtinaleHf 1872, 163, 337; compare Rupe and Maiill, Ber. 1893, 26, 
1202 . 

* Walker and Henderson, J.C,8. 1896, 69, 749. 

8 Noyes, Amcr. Chem. J. 1894,16, 508; 1895,17,432; Noyes and Derick, J. A mir, 
a.S. 1909, 31, 671; 1910, 32, 1061. 

II Chem. Weekhlad, 1906. 4, 60. 

5 J. Amer. C.S, 1910, 32, 1064. 
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camphor (II) it was generally recognised that a study of its 
reactions was likely to be of considerable interest and might 
assist in the solution of a number of difficult j)roblems connected 
with the chemistry of camphor and its derivatives. Many unsuc¬ 
cessful attempts at its preparation are recorded in the Jiterature,* 
whilst Wagner^ considered that the hydration of bornylene (III) 
by the Bertram-Walbaum process gave epiborneol (IV) as its 
acetate which on hydi’olysis and oxidation yielded epicamphor. 
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Bredt and Hilbing* found, however, that the hydration of 
bornylene yields an acetate which gives on hydrolysis a mixture 
of alcohols, which consist essentially of borneol and i^oborneol 
(V), since on oxidation only camphor is obtained. It is of course 
not impossible that epiborneol is also formed to a slight extent.* 
^Epicamphor was first prepared by Lankshear and Perkin" 
from d-campJtane-S-carboxylic acid (VI), an acid which can be 
prepared from d-camphor-S-carboxyhc acid^ (see p. 451). By the 
bromination of the acid chloride of this acid the 6romo-acid (VII) 
was obtained and from this, by the action of potassium acetate 
and alcoholic potassium hydroxide, the hydroxy acid (VIII). 
When this acid was oxidised with either chromic acid, lead 


* Duden and Macintyre, AnnaXen^ 1900, 313, 59; Haller and Hlanc, OompU rend. 
1905,141, 697. 

t Chem.^Ztg. 1903, 27, 271; Ber. 1903, 36, 4602. 

* J. pr. Chem. 1911 [ii], 84, 783. 

S Compare Schavrigin and Prostakov, Chem. Abs. 1948, p. 7276. 

II Proc. C.8. 1911, 27, 167. 

5 Bredt, Annalen, 1906, 348, 200; 1909, 366, 1. 
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peroxide or potassium permanganate, Z-epicamphor (I) was 
formed. 


CH3 CH3 



(1) (VIII) 


A few months later Eredt and Hilbing’^ prepared Z-epicamphor 
by a somewhat different process. They converted d-6omyZe7ie-3- 
carboxylic acid (IX) through its acid chloride into the hydrazide 
(X), from which by the Curtius method the azide (XI) was 
prepared; on digestion with hydrochloric acid this gave Z-epi- 
camphor. 



Bredt and Perkin joined forces in investigating the chemistry 
of Z-epicamphor and two years later ^ gave an account of their 
work. They found that neither of the methods referred to above 
* Chem.>Ztg. 1911, 35, 766. t 1913,108, 2182. 
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was suitable for the preparation of the ketone, since, although 
the latter method was preferable, it suffered from the disad¬ 
vantage that the azide (XI) was explosive, and hence it was only 
possible to work with small quantities of material. A new process 
was therefore devised starting from d-bornylene-3-hydroxamic 
acid (XIll), m.p. 136°, which was readily obtained by the action 
of hydroxylamine on methyl d.~bomylene-6-carboxylate (Xll) in 
the presence of sodium methoxide/ This acid passed, on heating 
above its melting-point, with extreme ease into Z-epicamphor, 
due doubtless to the fact that it isomerises to d-6or7i^Ze?ie-3- 
mocyanate (XIV), which is decomposed by the water formed in 
the reaction to yield Z-epicamphor and ammonia. At the same 
time a considerable quantity of resin, cZ-bornylene-S-i^ocyanate, 
is obtained which can be hydrolysed by hydrocliloric acid to 
Z-epicamphor. 



(I) 

The intramolecular change, (XIII) to (XIV), can be carried 
out very smoothly by shaking the sodium salt of the hydroxamic 
acid with j?-toluenesulphonyl chloride, the isocyanate being then 

* Compare Lessen, AniMden, 1875, 176, 313; 178, 213; Thiele and Pickard, ibid. 
1899, 309, 189. 

33-2 
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hydrolysed with hydrochloric acid. Starting from /-camphor 
Furness and Perkin^ prepared d-epicamphor by the same series 
of reactions. Epicamj)hor can probably be most conveniently 
ju'epared in quantity, however, by the reduction of “)8-hydroxy 
camphor” (2-hydroxyepicamphor) with sodium amalgam^ (see 
p. 428). 

Ej)icamphor has also been prepared by several other methods. 
Salmon-Legagneur,* starting from the methyl ester of camphoric 
acid /er/.-semialdehyde (XV) (p. 471), obtained p-homocamphor 
(homoepicamphor) (XVI), m.p. 202-204°, +111*2°, and 

converted this, through p-homocam 2 )horic acid (XVII), into 
/-epicamphor, the reactions involved being shown in the scheme 
below: 


CH, 


HjjC-1}--C 

j HaG.i.CHg 
H«C-OH—C 


CHO 


Br.CHj.COAHg 


CH 3 

I 

J- b -CM; CII. COoColL 


Zn 


If 


HoC.i.Ch 


-CH—COoCHo 


(XV) 

CH, 


CH, 




HaC- i- 

HaC.i. 


-CH,,CH,.CUJI 


CH, 


HaC- 


-In —cOoH 


heat 
Pb salt 


H.C-il- 


-CHa 


H,C.i.CH, 


CH 3 

HaC--CHa 

HNOa I I \ 

IHC.C.CH, C:N.OH 




—CO 


HaC-— ijH -Co" 

(XVI) 

CH3 CH3 

HaC- k— —CHa-COaH HaC-C-CHa 

H3C.(!:).CH3 -► HaC.i.CHg 

"^Hai^—in—COaH —CO 

(XVII) (J) 


Asahina and Ishidate* treated 2:5-diketocampIiane (XVIII) 
with hydrogen cyanide and hydrolysed the resulting hydroxy- 
nitrile to a mixture of stereoisomeric forms of 6-hydroxy camphor- 
6-carboxylic acid (XIX), a-, m.p. 151-152°, [a]y“ —6*5° (amide, 

* JXIS. 1914,106, 2024. 

+ Bredt and Bredt-Sa\ olsberg, Ber, 1929, 62, 2216. 

* Cmthpt. rend. 1931,102, 748; 1932,194, 467; Bull Soc.^him. 1932 [iv], 51, 807. 

* Ber. 1933, 66, 1913. 
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m.p. 248-249°), and jS-, m.p. 153°, [a]^* -f 21-6° (amide, m.p. 
190-191°). Reduction of the semicarbazones (in.p.'s 207° and 
225° respectively) with sodium ethoxide gave a- (m.]). 151°) and 
j8- (m.p. 130°) *^‘hjjdroxycamp1mne’Z-carhoxi/Iic arid (XX), both 
of which on oxidation with chromic acid gave rf-ej)icainphor (I). 


H«C- 


Cli^ 

-i’-(^o 


0(^-CH— CU^ 

(XVIII) 

OH. 


HO 

HOjC^ 


-C-CH, 




OH 3 

H.C -C-CO 


1 1 

HjC.C.CH, 1 -► 

1 

HjC.t'.CH, 

1 1 H(K 

1 


-CH-CH, 


(XIX) 

CH3 

I 

H.C^-~C-CH. 


1 

CrOa 

I 

1 


Hat'.C.CH, 

1 

’ Im i 


1 

^ r 

(XX) 

jHg ()( 

(I) 


rf/-Epicamphor and a number of its derivatives have been 
preiiared by Bredt, Drouven, Schumann and SchoIP from dl- 
bornylene-3-carboxyUc acid (compare p. 514). The dl-ketone has 
also been obtained by the oxidation of synthetic rf/-epiborneol 
(see below). 

Epicamphor has an odour very similar to, yet distinct from, 
that of cam])hor. The d- and /-forms melt at 182° and the d/-form 
at practically the same temperature, 180°; it boils at 213°, 
\(x\d +58-4°, —58-2° (in benzene). The ketone can be charac¬ 
terised by the prei)aration of the oxime,^ d- and /-, m.p. 103-104°, 
Wd 4-98-9°, —100*5° (in benzene), d/-, m.y). 99-100°, or the 
semicarbazone, d- and 1-, m.]). 237-238°. 

On reduction with sodium and alcohol /-epicamphor yields 
l-epiborneol (IV), m.p. IHI-IH2-5"", phenylnrethane, m.p. 82°. No 
evidence was obtained of the formation of a stereoisomeric alcohol 
corresponding to i^obomeol, but according to Lipp and Bund* 
the hydrogenation of epicamphor over a platinum catalyst gives 
« J, pr. Chem. 1931 [ii], 131, 132. 

The oxime prepared from /-epicamphor is dextrorotatoiy, a reversal of sign 
occurring, as in the case of camphor. 

^ Ber. 1935, 68, 249; compare Lipp, Oeckinghaus and Conze, ibid. 1941, 74, 6. 
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i^oepiborneol, m.p. 194-5“, [a]*)” +13*2® (in toluene), phenyl- 
urethane, m.p. 94-98®, Z:5-dinitrobenzoate, m.p. 120®. When 
heated with sodium it isomerises to epiborneol. It is of interest 
to note that Z-epiborneol y)repared from /-epioamphor appeared 
to be optically inactive, but this optical inactivity was only 
apparent, since, when the alcohol was converted into methyl 
h( pibornylxanthate (XXl) by Tschugaev’s method and this ester 
distilled, l-bornylene (III), \ol]j) —18*4® (in benzene), was ob¬ 
tained, and this gave rf-camphorie acid on oxidation. According 
to Asahina and Ishidate,’^ Z-epiborneol, prepared by reduction of 
the semicarbazone of 5-hydroxycamphor (p. 429), has m.p. 188®, 
-3-4^ (in alcohol). 

CH, CHg 

H,C-C-CHjs HgC- 1 -CHa H^C--CH 

I 11,C 0 CH, -. 

I. I 

H 2 O- CH - CHOH Hjiy-o-ri, - V -\ rj 

(IV) (XXI) (III) 

/-Epiborneol has also been prepared by Bredt and Pinten ^ from 
bornyl chloride (XXl), which on oxidation with chromic acid 
gives 6-chloroepicamphor (XXII), m.p. 161®, and this on reduction 
with sodium and alcohol yields /-epiborneol. Reference has 
already been made (p. 358) to the synthesis of d/-epiborneol 
(*^.5-dinitrobenzoate, m.p. 105®) by the diene condensation; on 
oxidation it gives dZ-epicamphor, thus constituting a synthesis 
of the latter compound. 


HoC i:* Cl 




HoC 0 CH, I 


CIHC-C-CHjj CIHC 

I I 

Ufi C CH 3 I CrO, 

I I —> 

HjC-CH-CH^ H3O 

(XXI) 


H,C C.CH* 


-CHj H. 

I Na + 


- VH —CO 

(XXII) 


C’^H^OH 


CH-CHOH 

(IV) 


/-Epicamphor is comparatively stable to oxidising agents and 
is scarcely attacked by cold dilute potassium permanganate ; it 
can, however, be oxidised by nitric acid {d = 1-3) at 100®, when 
it yields d-camphoric acid. 

♦ Ber, 1934, 67, 71 

+ J. pr, Chem. 1927 [ 11 ], 116, 46; compare Mura 3 >ama and Anhara, J, Phann, Soc, 
Japan, 1926, no. 628, 14. 
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Bromo-Vepicamphor (XXIII), m.p, 133-134°, [a]/) -86*6° (in 
ethyl acetate), can be readily prepared by the action of bromine 
on Z-epicamphor at 100°. The d/>modification melts at 135°. 
Bromo-Z-epicamphor is also obtained when bromo-l-epicamphor- 
2-carboxylic acid (XXIV) (see p. 520) is heated above its melting- 
point. Its constitution is therefore proved. A second unstable 
modification has been described by Bredt."^ It melts at 144° and 
on standing passes into the stable form, m.p. 134°. 

CH3 

HjC- C -OHBr 

llaC.i.CH, 

UjC'-CH CO 

(XX HI) 


11 , 


HjC.i.C] 


I \CO.H 


CO 


(XXIV) 


Like camphor (see p. 466), Z-epicamphor reacts readily with 
i^oamyl nitrite in the presence of sodamide to yield isonitroso- 
l-epicamphor (XXV), which is obtained in two modifications, 
a-, ra.p. 168-170°, [ajj^ —201*9° (in benzene), j8-, m.i). 138-140°, 
[a]^) —183*5° (in benzene). The latter isomeride is unstable and 
on boihng with water gives the a-modification. These two iso- 
nitroso-Z-epicamphors have also been prepared by Foster and 
Spinner^ by the hydrolysis of the two oximes of phenylimino- 
camphor (XXVI) (see p. 475). 


CH, 


CH, 


H,C- i- 

,c.i.c 


-CHo 


-C:NOH HoC- 


CH, 

1 


H. 


H,C- 


CH, 


-CH-CO 


-in- 


CO 


H.C.C.C 


-C;NOH 


CH, 


H,C- 


-(!)H- 


C:N.C«H, 


(I) 


(XXV) 
CH, 

I 

-c- 


(XXVI) 


HgC 


H3C.C.CH3 
-CH-i 


-CH.NH* 


CO 


(XXVIl) 


Both forms of wonitroso-epicamphor yield, on hydrolysis with 
hydrochloric acid and formaldehyde, camphorquinone, and with 
* J. pr, Chem. 1931 [ii], 181, 135. + J.C\8. 1912 101, 1348. 
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sulphuric acid, rf-camphorimide; on reduction with zinc dust 
and sodium hydroxide they yield the same amino-hepicamjjlior 
(XXVII), m.p. 168-170°, laj^+15° (in benzene). Amino-Z- 
epicamphor, unlike a>aminocamphor,* is comparatively stable. 

Like (*am|)hor, Z-epicamphor does not react with hydrogen 
cyanide, which is somewhat remarkable, since, unlike camphor, 
the keto group is not adjacent to a tertiary carbon atom. 

\-Epicamphor-2-carhoxylic acid (XXVIII), m.p. 120-122°, 
“■ (i*^^ ethyl acetate), can be readily prepared by boiling 

a benzene solution of the ketone with sodamide in a current of 
carbon dioxide. Since its alcoholic solution gives with ferric 
chloiide a green coloration, and it can be readily brominated to 
give oL-hromo-i-epicarnphor-^-curboxylic acid (XXIX), m.p. 145°, 
it follows that the acid must be represented by (XXVIII) and 
not by the alternative formula (XXVIIIa). 

{^H3 (JH3 CH3 




COaH 

(XXVIIIa) (XXVlll) (XXIX) 

An isomeric acid, m.p. 185°, [a]p ± 0°, has been prepared by 
Murayama and Tanaka^ by the oxidation of camphane’2- 
carboxylic acid (XXX) with chromic acid. This acid is considered 
to be epicawphor-iS-carboxylic acid (XXXI). 



/-E])icamphor-2-carboxyIic acid cannot be reduced with 
sodium amalgam, but on electrolytic reduction it yields Vepi- 
born€ol~2-carboxylic acid (XXXII), which has been obtained in 
four modifications:^ A, m.p. 125°, [a]^ +2-36°; B, m.p. 145°, 

* Duden and Pritzkov, Annalen, 1899, 807, 209. 

+ J, Pharm, Soc. Japan, 1926, 627, 1. 

* All the determinations of rotatory power were made in ethyl acetate solution. 





CII. V 


AND THEIR DERIVATIVES 


521 


[a]j^~4-8°; C, m.p. 173", [a]^+15*18"; and D, m.]). 237", 
W 7 > +77*9". When the hydroxy acid is heated with acetyl 
chloride, elimination of water occurs with the formation of 
l-borvylene-'^-mrboxylic acid m.p. 115", [y,]^ -98*82" 

(in ethyl acetate). This acid gives on reduction l-ca7nphave’2- 
carboxylic acid (XXX), m.]). 78 SO", fa];, -37*8" (in ethyl 
acetate). 


H,C- 


... 






Clh 

-C- 


V\L 


HoC 


HaC.c'.cm, 

I 


-(m- 


- llaO 
CHOU lU 






\\n -C- 


011.coal 


I 


—OH—CH 
(XXXIII) 




Ho(^- 


-CH— CH. 


(XXXII) (XXXIII) (XXX) 

/-Bornylene-2“carl)Oxylic acid can be converted into rf*caTn])hor 
in exactly the same manner as rf-bornylcne-3-carboxylic acid is 
converted into ?-epicamphor. The reactions involved in this 
interesting cycle are showm in the scheme: 

d-Cainphor 

/ \ 

f/-Cam})hor-3'Carboxylic acid I-Bomylene-2-hydroxaniic acid 

4 ' t 

d-Ilomeol-S-carboxylic acid /-B()rnylene-2-oarboxylic acid 

i t 

d-Bornyleue-3-c*iirb()xyIic acid /-EpiborncoI-2-carboxylic acid 

I t 

d-Bornylcnc-3-hydroxamic acid /-Epicamphor-2-carboxylic acid 


Z-Epicaniphor 

d/-Epicamphor reacts with methyl magnesium iodide to give 
*S'methylej)iborneol (XXXIV), m.p. 59-00°, which on dehydration 
gives a mixture of 4:-methyl-y-fenchene (XXXV) and, ])robably, 
4:-methyl-y-fenchme (XXXVI).’^ 


HoC- 


CH 3 


cm 


CH,» 


HjO.i.CH, 

—Ih—' 


—CHg 


H-0- 


^/CH3 

OH 




4 - 




HC- 




in, 

J;h:—CH j 




(XXXIV) (XXXV) (XXXVl) 

* Nyman and Kuvaja, AmaJka, 1939, 538, 68. 
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INTERGONVERSION OF ENANT10M0RPH8 
IN THE CAMPHOR SERIES 

Reference lias already been made (p. 163) to the fact that 
an isomerisation of the Nametkin type may lead to an inversion 
of configuration, thus accounting, for example, for certain 
racemisation phenomena. By an extension of these reactions it 
has been possible to convert d- into Z-, and I- into rf-camphor, arid 
also to bring about similar interconversions with certain deriva¬ 
tives of camphor. The brief account which follows is taken from 
the experiments of Houben and Pfankuch f for full details of the 
many ramifications of the work, the original jiapers should be 
consulted. 

VCam'phor (I), [ajjf) —43°, was converted with phosjihorus 
I)entachloride into the dextro-rotatory a-dichloride (II), 
-f-15*2°, from which cn-chlorocamphene (III), [a] 2 ) +18'8° was 
obtained by elimination of hydrogen chloride with potassium 



iuj CH, CHs 

(VI) (V) (IV) 


acetate. When this was treated with trichloroacetic acid it under¬ 
went both the Nametkin and Wagner transformations, to give, 
after saponification, 4-cWoroiso6omeoZ (IV), [a]^ —23°, which 
on reduction with sodium and alcohol furnished l-iso6orweoZ (V), 
—23*7°, oxidised by chromic acid to A-camphor (VI), m.p. 

* AnnaUn, 1930, 4S3, 271; 1931, 489,193; 1933, 501, 219; Ber. 1931, 64, 2719. 
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172°, [qil]j) +32° (in alcohol). This rei)resents an '‘optical con¬ 
version” of 74 per cent., the remainder having been raceinised. 
The tendency for racemisation can be diminished by tlie use of 
hydrogen bromide instead of trichloroacetic acid, when 4-chloro- 
it^obornyl bromide, m.p. 156-158°, is obtained as an intermediate 
product. An alternative method for the conversion of (IV) to (VI) 
is to carry out the oxidation first, to give 4r-chlorocamphor, which is 
then reduced to camphor, preferably through the semicarbazone, 
with sodium and alcohol. This was the method adopted to convert 
d-camphor ([a] 2 > +45°) into Z-camphor ([a]^ -29°), the inter¬ 
mediate 4-chlorocamphor having m.p. 198-199°, —30°. 

As a further example, the transformation of l-camjyJior-i- 
carboxylic acid (VII) into its enantiomorph will be considered. 
This acid, m.p. 238-240°, [a]^^' -19*5° (formerly considered to 
be the 6-derivalive), is obtained from A.-camphcne-\-carboxylic 



(XII) (XI) (X) 


Nametkia 

change 



CHs 

(XITl) 
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acid (VIII) (compare p. 344) by hydration with trichloroacetic 
acid to A^-borneolA-carboxylic acid (IX), followed by oxidation 
with chromic acid. It was converted through the acid chloride into 
the amide, m.p. 207-208°, and thence into 4^-aminocamphor (X), 
m.p. 230-232°, the structure of which was confirmed by treat¬ 
ment with nitrosyl chloride in the ))resence of co])])er car¬ 
bonate, when it gave 4--chlorocamphor, m.j). 198-199°, identical 
with that referred to above. By the action of nitrous acid on the 
amine, A-hydroxycarnphor (XJ!), m.p. 250°, [a]/) —16°, was pre¬ 
pared, the oxime (m.p. 212°) of which, on treatment with nitrous 
acid, followed by y)otassium cyanide,^ gave the amide of 4- 
hydroxyearnj)}iene-}-carboxylic acid (XII), m.p. 201-203°, [a]/) 
— 28-5°. When this was hydrolysed with concentrated hydro¬ 
chloric acid it underwent the Nametkiii and Wagner rearrange¬ 
ments, and d'Camphor-4:-carboxylic acid (XI11) was obtained; the 
product had m.p. 238-240°, -f 18*5°, representing an 

‘‘optical conversion” of 95 per cent. 

An entirely different principle, not dependent u])on any 
molecular rearrangement, has been applied by Asahina, Ishidate 
and Momose' to the conversion of d- into Z-camphor. By the 
oxidation of ^Z-camphor (XIV) with chromic acid, d-p-diketo- 
camphane (XV) may be obtained. This was converted, as shown 
in the scheme below,* into d-epicamphor (XVI), which when 
oxidised with selenium dioxide gave d-camphorqiiinone (XVII), 
falj) + 100*1°, the enantiomorph of the diketone obtained by the 
usual methods from d-camphor (compare p. 466). When reduced 
by zinc and acetic acid it gave a mixture of \-3-hydroxyca7nphor 
(XVIII), m.p, 192-195°, [a]ff° — VS-S'',andl-2-hydroxyepicamphor 
(XIX), m.p. 214°, —10°, which, after separation, were 

reduced by sodium amalgam to \-camphor (XX), m.p. 176°, 
|a]/f —41*4°, and cZ-epicamphor (XVI), respectively. 

It- is clear that the interconversion of d- and Z-epicamphor 
could also be brought about by application of the above reactions 
in conjunction with those discussed on p. 521 for the conversion 
of Z-epicamphor into d-camphor. 

* The reactions involved at this stage are similar to those which occur in the 
preparation of camphene-l‘Carboxylic acid from camphor, via pemitrosocaraphor 
(p. 441). 

+ Ber. 1933, 66, 1913; 1934, 67, 1432. 

* These reactions have been considered in more detail on p. 616. 
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CHAPTER VI 


FENCHANK, JSOBORNYLANE AND 
THEIR DERIVATIVES 

A. HYDROCARBONS 



Feiichane (II), the parent hydrocarbon of the important ketone, 
fenchone, was pre[)ared in 1911 simultaneously by Wolff'*' by the 
action of sodium ethoxide on d-fenchonehydrazone (I) and by 
Kishner^ by distillation of this substance with potassium 
hydroxide. More recently it has been obtained by treatment of 
d\-hofenchonehydrazon€ (III) with sodium ethoxide.* 



Direct proof that fenchane contains the same ring structure as 
fenchone and that no molecular rearrangement has taken place 
was furnished by Nametkin’s investigation* of the action of 
nitric acid on the hydrocarbon. When fenchane is heated with 
dilute nitric acid at 135-140° it yields a mixture of two secondary 
nitrofenchanes, b.p. 139-140°/40 mm., which cannot be separated 
from one another. These must be 2-nitrofenchane (IV) and 6-nitro- 
fenchane (V), since on oxidation with potassium permanganate 

* Annalent 1911, 394, 97. ^ J, Ruaa. Phys. Chem. Soc. 1912, 43, 584. 

* Komppa and Hasselstrdm, Antuden, 1932, 496, 164. 

8 J. Ruae, Phya, Chem. Soc. 1915, 47, 1590. 
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a mixture oifenchom (VI) and isofenchone (VII) is obtained. An 
additional product of the action of nitric acid is isofenchocanh 
phoric acid (VIII), which evidently results from the degradation 
of isofenchone. 
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C-CH- (Y H, 
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CH3 
^ CH 3 


(VIII) 


(VII) 


CH„ 


Fenchane has also been obtained by Qvist* by the reduction 
of a-fenchene dibromide (p. 542) with sodium and alcohol, when 
a mixture of a-fenchene (IX) and fenchane (II) is obtained. The 
constitution of the dibromide is not known, but the reaction, like 
that of the conversion of camphene dibromide into tricyclene 
and camphene,^ must involve a Vl^agner rearrangement. 


H 3 C- 



_CH—CH, 

i.< 


j, 


.CH 3 


H-C:CHa 


(IX) 


JI^C-CH—CH, 




HaC.C.CH 


C.CH3 



Fenchane, prepared from d-fenchonehydrazone, does not 
solidify when cooled to —15® and, according to Wolff, boils at 
149®/750mm., d|?'0-8316, 1-4412, [a]^ -18-11®, values in 

very close agreement with those observed by Kishner. The dl- 
hydrocarbon boils at 151-152®/760 mm. 

* Anmlen, 1918, 417, 293. 

+ Godlewski, J. Muss, Phys, Chem. 80c. 1905, 37, 459. 
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l^OBORNYLANE^ 


-CH- 


HjC.i.c; 


-CH« 


CH, 


-CH- 


CH.CB, 


By tlie catalytic hydrogenation of a-feiicheiie (1) by the Sabatier- 
Senderens method, Zelinski^ prei)ared a saturated hydi‘ocarbon, 
(loHjg, to which he gave the name fenchane and which he repre¬ 
sented by (II), since it gave on oxidation ch-apocamphoric acid 
(III). 


-Oil-CHa 


HoC- 


• CHa 


-OH- 

( 1 ) 


CrCHa 


HoC 


—CH-CHa 

C.i.CHg 

4h- 

( 11 ) 


H.,a 


OH. (11a 




CH.COaH 
H,C.([).( 


.CH 

-ill. 


CO.,H 


( 111 ) 


In 1011 Wolff* and Kishner® prepared from fenchonehydrazone 
(IV) an isomeric hydrocarbon (V) having completely different 
proi)ei’ties. Following the analogy of the nomenclature adopted 
in the camphane series, this hydrocarbon was designated fenchane, 
whilst for Zelinski’s hydrocarbon the name isobornylane was 
adopted. 



(IV) (V) 

iifoBornylaiie has been studied by Nametkin," who has shown 
that it can also be j)repared by the catalytic hydrogenation of 
fenchone (VI) using the Sabaticr-Senderens method. This reduc¬ 
tion involves a Wagner rearrangement, 

♦ tsoBomylane is also tormocl ct-fenchane, 

+ J. Muss. Phys. Chem, 8oc. 1904, 36, 770. 

♦ A7malent 1912, 394, 97. 

fe J, Baas. Phys. Chem. Soc. 1911, 43,-582. 

It Ibid. 1915, 47, 1590; Annalen, 1924, 440, 60. 
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Ipatiev’^ lias also prepared i,9obornylane from fenchone and 
from fenchyl alcohol by hydrogenation over a mixed nickel 
oxide-aluminium oxide catalyst, whilst Zelinski and Lewina^ 
have shown it to be formed when cyriofenchene (p. 551) is distilled 
over platinum black in a current of hydrogen at 155-160°. 

.CH 3 

H^c-CH- c/ 

in 

0x12 

H 2 C-CH 

CH.CHa 

(VJ) (II) 

/.soBornylane is an oil, b.p. 163-5-164*5°/753 mm., 0*85()6, 
1*4577. The pure dextro- and laevorotatory forms have not 
been described, the hydrocarbon prepared by Zelinski being 
laevorotatory, fajy, — 8*16°, whilst Ipatiev gives the value 
[a]p — 19*83°. For dZ-i.9obornylane, ])rcpared by the hydrogena¬ 
tion of dZ-a-fenchene over a palladium catalyst, Kom[)pa and 
Beckmann^ found b.]). 161-163°, 0*8612, nf^ 1*4615. 

When ?5obornylane is heated with dilute nitric acid {d = 1 *075) 
at 130-135° it behaves differently from fenchane (compare 
p. 526) and yields, as the main product of the reaction, a tertiary 
mZro-derivative, m.^j. 57-58°,* b.]). 112-113°/! 2 mm., 1*0575, 
1*4813, together with a^-apocamphoric acid and a second 
nitro-derivative, which is described below. 

The formation of a tertiary nitro-derivative is direct evidence 
of the presence in isobornylane of the grouping ^CH.CHg, and 
there can be no doubt that this substance is represented by (VII). 
On reduction it yields the corresi)onding amine (VIII), m.p. 
26-27*5°, b.p. 199-199*5°/756 mm., df?'’0*9171, wl?” 1*480 (6ew- 
zoyl derivative, m.p, 155°), and from this, by the action of 
nitrous acid, the alcohol, i^obornylol (IX), m.p. 46-48°, can be 

* Ber. 1912, 46, 3205; Ipatiev and Pines, J. Amer, C,S. 1945, 67, 1931. 

t Afiruden, 1929, 476, 03. 

t Ibid, 1934, 508, 205. 

* Toivonen, J, pr. Chetn. 1941 [ii], 169, 70. 
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prepared. This alcohol is probably identical with methyl-oL- 
fenchocamphorol, prepared by Komppa and Roschier"^ from 
cL-fenchocamphorone (X), and which they found to give dl-oL- 
fenchene on distillation at ordinary pressure (compare p. 539). 



According to Nametkin, isobornylol on dehydiation under acid 
conditions gives a hydrocarbon, b.p. 153--155°/749 mm., 
0-8628, 1-4695, values in fairly good agreement with those 

found for d?-a-fenchene; on reduction, however, it does not 
give i^obornylane, but a hydrocarbon, b.p. 160-161'^/753 mm., 
df? 0-8541, 1-4567, termed P-fencJmie, and formulated as 

(XI). Nametkin therefore concluded that the umsaturated 
hydrocarbon was a mixture of j3-fenchene (XII) and y-fenchene 
(XII1), and this is supported by the observation of Kom])pa and 


H,c-CH- 

[IjC: C-CH-CH2 

(XII) 


I 

CH. 


/)H, 


HC-CH 


-CH-CH 2 

(XI) 


(JH, 

II I 

HhC.C— c 


'^CH^ 


H-CH, 


(XUl) 


Beckmann^ that, under acid conditions, a-fenchene is isomerised 
to such a mixture. Furthermore, the properties of j8-fenchane, 
b.p. 158-160°, dfr 0-8553, 1-4574, obtained by the catalytic 

hydrogenation of )S-fenchene over a palladium catalyst* are in 
good agreement with those of the saturated hydrocarbon de¬ 
scribed by Nametkin; on nitration it gives tert.-nitro-p-fenchane 

* Annal. Acad, Sci. Fenniccie^ 1910 [A], 10 [iii], .3. 

+ Annahn, 1940, 643, 111. 

♦ Komppa and Beckmann, Annahn^ 1934, 608, 205. 
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(XIV), b.p. lll°/10mni., which is reduced by tin and hydro¬ 
chloric acid to the amino-^-fenehane (XV) {benzoyl derivative, 
m.]). 156-157°).* 


H,o. 

>C-CH-CH. 

H,C/ 1 I 


CH, 

I 


XJH, 


•C H——— 
(XIV) 


NO, 




HaC 


> 


H,C- 


‘-CH^ 

CHfi 

I 




(XV) 


/CH, 

^NH, 


The second nitroimhornylxiine (XVI), b.|i. 89-90°/1*2 mm., 
d'fo 1*0466, 1*4805, to which reference was made above, 

contains a secondary nitro group, since on oxidation it yields 
a ketone, imhornylone (XVII), b.p. 197*5-1987762 mm., dfr 
0*9681, Yij^^ 1*494 {seymcarhazcme, m.p. 174-175°), and ri,s-apo- 
camphoric acid. Interest attaches to the preparation of this 
ketone, since it has the constitution at one time considered to be 
that of fenchone (compare ]). 562). 


ih 


!-CH-CH.NOa 

HaC.i.CH, 


-k 

(XVI) 


'Jl.CH, 


-CH-CO 


H.C- 


HaC.C.CH, 
-CH- 


JH.CH, 


(XVll) 


THK FENCHENES 

Although Bouchardat and Tardy ^ have reported the isolation 
from the oil of Eucalyptus globulus of a terpene yielding on 
treatment with benzoic acid fenchyl alcohol, it is extremely 
doubtful if fenchene is actually present in this oil, since, as has 
been mentioned on j). 156, both a- and j8-])inene give this alcohol 
on hydration. 

During his early experiments with the ketone, fenchone, 
Wallach* reduced it to the corresponding alcohol, fenchyl alcohol, 
and prepared from this, by the action of phosphorus ])enta- 
chloride, a chloride, which gave on removal of hydrogen chloride 
with aniline an optically inactive hydrocarbon, CjoHig, b.p. 158- 
160°, to which the name fenchene was given. This hydrocarbon 

* Toivonen, Alfthan, Book, Erioh and Heino, J, pr. Chem, 1941 [ii], 169, 70. 
t Compt. rend. 1895,120, 1418. » Annahn, 1891, 263, 129. 
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gave on oxidation with potassium permanganate an acid, 
OjoH 1 ^, 03 , which melted at 137-138°. The reactions of the hydro¬ 
carbon were diseuvssed in a further series of communications^ and 
the boiling-])oint was found to be somewhat lower, 154-156^. 
A more thorough investigation of its oxidation products showed 
the main product to be a hydroxy acid, fVoHieOa, m.p, 152-153°, 
which was evidently an a-hydroxy acid, since it gave with potas¬ 
sium permanganate in acid solution a \\etone.fenchocamphorone, 
C 9 H 34 O. The constitution of the latter was estabhshed by its 
oxidation with nitric acid to aporamphoric acid (IV). Wallach 
concluded from these experiments that fenchene must be repre¬ 
sented by (I), the hydroxy acid, rn.]). 152-153% being (II) and 
fenchocamphorone (III). 


HgC-CH — (’ll 11/’-C’H-OHg 


-(’H-(’Ho 


Hot’ (’ (’ll. 


I 


( 1 ) 


(II) 


/OH 
(HKH 


ib 


CH ( 

1 


H,C 

(’ c’H3 



1 

(’H ( 

'•CH, 

H,C 

<V) 




HoC C’ CHo 


H/’-OH-C’O 

1 

-OH 00,11 


H/J 0 CH, 


(IV) 


It is obvious that the reactions outlined above would be more 
simply explained if fenchene had formula (V), but at the time of 
these experiments it was considered improbable that hydro¬ 
carbons with an exocyclic ethylenic linkage were capable of 
existence and, as mentioned on p. 192, Baeyer regarded nopinic 
acid as an oxidation ])roduct of a-pinene. Later, Wallach^ 
adopted formula (V) for fenchene. 

In 1898 Gardner and Cockburn,* who were also engaged in a 
study of the reactions of rf-fenchoiie, prepared a fenchene, b.p. 
152-154°, which, like Wallach’s hydrocarbon, gave on oxidation 
with nitric acid apocamphoric acid, but differed from it in being 
optically active, [a]^ —6-46°. 

A renewed study of the fenchyl chlorides by WaUach* showed 

^ Annalen, 1894, 284, 331; 1898, 300, 294, 319. + Ibtd, 1901, 316, 273. 

* J.C'./Sf. 1897, 71, 1166; 1898, 73, 275. 8 Anfialev, 1898, 302, 371. 
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that the optical rotatory powers of these differed considerably 
and depended upon the conditions used in their preparation. 
Thus Z-fenchyl alcohol (from (Z-fenehone) could yield both dextro- 
and lae VO-rotatory fenchyl chlorides. These in tlieii* turn gave 
rise to different fenchenes, which appeared to be structural 
isomerides, since on oxidation they gave rise to different fencho- 
camx^horones. The possibility of the existence of a second fenchene 
was supported by the experiments of Bertram and Helle who, 
by the hydration of a laevorotatory fenchene (from fenchyl 
chloride), prepared a new alcohol, Z^ofcnchyl alcohol, which-was 
also laevorotatory, but which gave on dehydration with zinc 
eliloride in benzene solution a dextrorotatory fenchene, b.p. 
155-156°, yielding on oxidation a hydroxy acid and a ketone 
differing from those described by Wallach. In the same year a 
third fenchene was obtained by Tsehugaev^ by the distillation 
of methyl fenchylxanthate. 

At this time Wallacli held tlie view that the variation in the 
optical rotatory power of the different fenchyl alcohols was due 
to stereoisomerism and that no molecular rearrangement occurred 
during their formation. This opinion was not shared by Kondakov 
and Lutschinin,* who considered that secondary alcohols on 
treatment with halogen acids (or jdiosphorus jjentachloride) gave 
tertiary chlorides. They regarded fenchyl eliloride as a mixture 
of tertiary chlorides for which, on the basis of Wallach’s formula 
(VT) for fenchyl alcohol, formulae (VII), (VIII) and (IX) were 
possible. Elimination of hydrogen chloride might therelbre be 
ex 2 iected to yield a number of isomeric fenchenes. 


1 U( 




/ 


-CH-CH.CHj 

(VF) 


1 \ 


HaC-CH-CHa 

! HoC.i.C 


HgC-OH-OHa HgC-001-OH, 


H,C- 


.CH, 
(VIT) 


H 3 O.O.OH 3 

I 

0 ( 

(VllJ) 


>0H-CM. Oil 

(IX) 


« J.pr, Chem. 1900 [ii], 61, 293. ^ Chem.-7Ag, 1900, 24, 542. 

* J. pr. Cham. 1899 [ii], 60, 2.i7; 1900 [ii], 62, 1; 1902 [lij, 65, 201. 
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The position was radically changed by the replacement of 
Wallach’s formula for fenchone by that of Semmler (X) (compare 
p. 563), since, even if it were assumed that fenchyl chloride had 
formula (XI), a molecular rearrangement must occur in the 
formation of Wallach’s fenchene (V). 


HgC-CH¬ 

OU. 




H,C-C-CO 

ia. 

(X) 

/CH, 

Hj,C-CH-C< 

I iV’H3 

HOHO-i-CH, 

CH, 

(Xll) 




CH, 

-CH-C< 

I I N)h, 

CH, 


CHCl 


in, 

(XI) 


H,C-CH-CH, 

HjC.i.CU, 


H, 


Uin-J: 


CH„ 



H.C: 


(XlIT) 


The difference in properties between Wallach’s fenchene and 
that })repared by Bertram and Helle from i^ofenchyl alcohol 
(Xll) was also accounted for, the latter hydrocarbon being 
probably represented by (XllI), although, as Wallach and Vivck 
pointed out, this hydrocarbon w^as probably not homogeneous. 

Later the chemistry of the fenclieiies was very thoroughly 
investigated, especially by Komppa, Aschan, Qvist and 
Toivonen. These researches have shown that it is possible to 
prepare from fenchone six isomeric dicyclic hydrocarbons and 
a tricyclic hydrocarbon. Before proceeding to consider the 
chemistry of these it is desirable to discuss their nomenclature. 

In order to distinguish between the various optically active 
fenchenes, Wallach^ had introduced a somewhat cumbrous 
nomenclature, using a capital D- or L- to denote the relationship 
to d- or Z-fenchones, a small d- or Z- being used to denote the 
direction of their oj)tical rotatory power. Thus the hydrocarbon 
represented by (V), when derived from cZ-fenchone, was laevo- 
rotatory and was known as D-Z-fenchene, whilst Bertram and 

Annahn, 1908, 362, 193. + Ibid. 1898, 802, 374. 




CH. VI 


AND THEIR DERIVATIVES 


535 


Helle’s hydrocarbon (XllI) was D-cZ-fenchene, This nomen¬ 
clature has now been replaced by the following, suggested by 
Komppa,^ which will be used in the sequel. 

1. OL-Fenchene (XIV) (Wallach'sD-Z-fcncheneor L-rf-fenchene), 
corresponding to oL-feachocamphoroiie (XV) and hydroxy-on- 
fencherdc acid (XVI). 




-(^H- HJi; -CH-CH^ 

HaC.i.ClL 


H3C C.CH, 


HgC-(JH-C:CH, H,C- Ih -(H) lf,C- Ih -( 

(XIV) (XV) (XVI) 


/OH 


II. P-Fenchetie (XVII) (Wallach’s I)-rf-fenchene or L-l- 
fenchene), corresj)()nding to ^-fertchocainphorone (XVIII) and 
hydroxy-^-fenchenic acid (XIX). 


.0: 


4- 


/CH, 

Vh, 

-CH 2 


il,C-CH-C 

I 

(Tl, 

(K^- C\i -OH, 


(’H 3 

\’ll. 


HgC-CH 

1 , 


no. 


(xvij) (xvnj) 

III. y-Fenchene (XX). 

HO-OH— 

I 

CH« 


Ho/y 


CH 3 
C-CH- 


(XIX) 


Nch, 


{'H, 


H,C.O-CU-CH, 

(XX) 

IV. S-FencMne (XXI). 

/CH, 

I <B. 

0H„ 

{XXI) 


CH 

OH 




Compare Kompi)a and Koschier, Anvalerif 1029, 470, 129. 



530 


FENCHANE, J50BORNYLANE 


V. tiyaloFenchem [Aschan’s j8-irinolene (XXII)]. 



C 


CHa 

(XXTI) 

More recently, e-fcnchene and ^-fenchene have been described. 
Reference to them is made below. 

There are three general methods available for the preparation 
of the fenchenes: (i) direct dehydi^ation of fenchyl and i^ofenchyl 
alcohols, (ii) distillation of methyl fenchyl- and isofenchyl- 
xanthates, and (iii) elimination of hydrogen chloride from fenchyl 
and ivofenchyl chlorides. Inspection of the formulae of the two 
alcohols (XXIII) and (XXIV) shows that, assuming no molecular 
rearrangement to occur, fenchyl alcohol should yield cyclo- 
fenchene (XXII), whilst /6*ofenchyl alcohol can yield a mixture 
of this hydrocarbon and S-fenchene (XXI); the same hydrocar¬ 
bons should result also from the xanthates and the chlorides, 
assuming the latter to be homogeneous. 

Investigation has, however, shown that in no case does the 
reaction proceed smoothly and unaccompanied by molecular 
rearrangement, a mixture of hydrocarbons being obtained in 
which one or another may ])redominate. 'J^he nature of the 
I)roducts obtained by the dehydration of fenchyl alcohol (XXIII) 
under various conditions has been further studied by Toivonen* 
and by Komp])a and Nyman.^ With noii-acidic catalysts, the 
main product is a-fenchene (XIV), but in the presence of acids 
j3-fenchene (XVII), y-fenchene (XX), 8-fenchene (XXI), cyclo- 
fenchene (XXII), and l-meihylsantene {e-fenchene) (XXV) are 
formed.'^ The conversion of fenchyl alcohol into a-fenchene 
involves a normal Wagner rearrangement, whilst methylsantene 

* Inter aL, Suonien Kem, 1936, A 9, 72; B 9, 15. + Annalen, 1938, 635, 262. 

* Apparently the 1-methylsantene is derived only from the a-form of fenchyl 
alcohol, since it is not obtained when the pure j3-stereoisomer is dehydrated under 
the same conditions. 
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is the result of a pinacolic change of the Nametkiii type. The /3-, 
y-, and S-fenchenes, however, cannot be directly formed by either 
of these types of isomerisation, and a possible explanation is that 


-CH-Cll, 

HaC.(LCH3 


H,C: 


(XIV) 


'H, 


/CH, 
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Vh, 
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CH^ 
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HgC-CH-C:CH 

(XVll) 


HsC^ 

H,C^ 


H. 


(XXI) 

--CH— 

CII 2 

i^H— 

(XX) 


-(’H, 


CH 


XCH, 


they are derived from ?.sofenchyl alcohol (XXTV), which can arise 
by hydration of ct/cZofenchene. Dehydration of ^^ofenchyl alcohol 
without rearrangement would yield 8-fenchene, whilst jS- and 
y-fenchenes would be formed by a Wagner rearrangement. The 
formation of the latter hydrocarbons from a-fenchene, under acid 
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conditions* may also occur by the same route. cycloFenchene 
thus occupies a key position in these interconversions, and it is 
important to note that, unlike tricyclene, the properties of which 
prove that it cannot be an intermediate in the borneol-camphene 
change, the properties of cycZofenchene are not incompatible with 
the above hypothesis (see also p. 551). 

On theoretical grounds, a further isomeric fenchene (XXVI) 
should be capable of existence, bearing the same relationship to 
a-fenchenc (XIV) as y-fenchene (XX) does to j8-fenchene (XVII). 
Hiickel and Kindler^ have recently succeeded in preparing this 
substance, named ^-fenchene (the term e-fenchene having already 
been applied to l-methylsantene), by treatment of j3-fenchyl 
p-toluenesuli)honate with sodium i^opropoxide. 

HO-CH-Clla 

I I 

HaC.C.OHa 

HjC.C-OH-OHj 

(XXVI) 

In view of the readiness with which these rearrangements occur, 
it is im])robable that any of the fenchenes, with the exception of 
r?/c/ofenchene, have been obtained in a state of purity. 

The account of the earlier work on the chemistry of the fen¬ 
chenes given below, unless other references are quoted, has been 
summarised from the investigations of Wallach,* Aschan,* 
Komppa and Hintikka," Komppa and Roschier,^ Qvist** and 
Ruzicka and Liebl.^^ 


^-FENCHENE 


H,C- 


H.c.i. 


_CH-CHa 


CHa 


SH-0:CH, 


a-Fenchene, of which both the dextro- and laevo-rotatory forms 
are known, was probably the hydrocarbon originally prepared by 

* Kumpptv and Nyman, Annalm, 1940, 643, 111. 
t <'hein. Ber. 1947, 80, 197. 

» Ber. 1907, 40, 27S0; Anveden, 1912, 887, 1. 

7 Anmhn, 1929, 470, 129. 

VelB. Chim. Acta, 1923, 6, 267. 


* Annalen, 1908, 362, 186. 
II Ber. 1914, 47, 936. 

•* Ibid. 1918, 417, 278. 
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Wallach’^ by the action of aniline on fenchyl chloride. As has 
been shown by Qvist, the yield of hydrocarbon when hydrogen 
chloride is eliminated from fenchyl chloride, either by the action 
of aniline or o-toluidine, is very poor. Better results are obtained 
by the dehydration of fenchyl alcohol with phthalic anhydride, 
or by the distillation of inethyl-a-fenchocamphorol (see p. 541).^ 
a-Fenchene can also be conveniently prepared in quantity either 
by the distillation of methyl a-fenchylxanthate or by the action 
of nitrous acid on fenchylamine. 

When jirepared from /-fenchylamine, /-a-fenchene has b.p. 
156-157", ()-869, 1*4724, [aj^^ —32*12", whilst for the 

dextrorotatory hydrocarbon from rf-fenchylamine, [a]j^ +29" 
has been observed. The liydrocarbon prepared from either fenchyl 
chloride or fenchyl alcohol has as a rule a lower rotatory power. 
It can readily be identified by the preparation of the crystalline 
dibromide, the d- and /-forms of which melt at 87-88", [a];; 
+ 42*83° (in ethyl acetate), wliilst the dl- has m.p. 62\ 

Tlie constitution of a-fenchene has been conclusively proved 
by an investigation of its degradation i)roducts and also by a 
complete synthesis of these and of a-fenchene itself by Konippa 
and his collaborators. As has already been mentioned Wallach, 
in his early experiments, investigated the oxidation of 1 -a-fenchene 
(I) and show^ed that with potassium permanganate it gave a 
hydroxy acid, l-hydroxy-on fenchenio acid (II) (ri- and /-forms, 
m.p. 153-154°), from which by the action of lead peroxide in the 
presence of sulphuric acid (or acid potassium permanganate) 
hcf.-fenchocam'phorone (III), d- and /-forms, m.p. 109-110°, b.p. 
202°, semicarbazone, m.p. 220-221°, was obtained. This ketone 
gave on oxidation with nitric acid di^-apocamphoric acid (IV). 

This formula for a-fenchene was confirmed by Komppa and 
Rosehier^ who showed that on ozonolysis a-fenchocamphorone 
(III) was obtained, the ketone being, however, accompanied by 
a saturated acid, CioHigOg (V), the constitution of which, and 
the mechanism of its formation, wall be discussed below. 

In 1901, Komppa® described a synthesis of cis- and trails- 
apocamphoric acids (IV), and this synthesis was subsequently 

* Annalm, 1891, 263, 129. 

+ Komppa and Nyman, Annalen, 1938, 535, 252; 1940, 543, 111. 

♦ Annal. Acad, Sci, Penrucae, 1917 [A], 10 [xvm], 1. 

8 Btr, 1901, 34, 2472; Annalen, 1909, 368, 126. 
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extended to a synthesis of rfi-a-fenchocamphorone (III)* and 
finally to rfZ-a-fenchene (1).^ These syntheses are outlined in the 
scheme set out below and do not require comment. 


H«C-CH-CIL 
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I PI) salt I 

HgC-CH. CO3H HgC-CH-CO 

/ (UI) 
CH,Mgl/ 

HjC-CH-CH. H,C-CH-CH 
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H.C.C.Cll, -■- HjC.C.CH, HjC.C.CH, 

I i J I I 

HjC-CH-C:CHj HjC-CH-0(' HjC-CH-C.CH, 

(I) (VI) *** (VII) 

The alcohol, dl-methyl-oL-femhocamphorol (oL-fenchene hydrate) 
(VI), ni.p. 46-47*^, b.p. 87714 mm. {phenylurethane, m.p. 117- 

* Ber. 1911, 44, 1636. 

+ Komppa and Roschier, Annal. Acad, Bci, Fennkae, 1916 [A], 10 [iii], 3; 
Komppa and Beckmann, Annakn, 1934, 608, 205. 
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118°), on distillation at the ordinary pressure lost water, giving 
dZ-a-fenchene (I), b.p. 164-156°, 0-8660, 1-4704, the 

constants of the synthetic hydrocarbon agreeing well with those 
of the hydrocarbon prepared from Z-fenchylamine (p. 589). The 
elimination of water from the alcohol can theoretically result also 
in the formation of a hydrocarbon having the structure (VII), 
which according to Aschan^ belonged to i^sopinene, which he 
])re})ared from cyclofenchene hydrocliloride. Komppa and 
Roschier found, however, that dZ-a-fenchene could not have 
formula (VII) since it gave on ozonolysis rf/-a“fenchocamphorone 
and rfZ-a-fenchenylanic acid (V). They also showed Aschan’s 
250})inene to be identical with dZ-a-fenchene, both hydrocarbons 
giving the same products on oxidation, whilst on treatment with 
hydrogen chloride they both yield dl-oi-fencheiie hydrochloride 
(VIII), m.p. 35-37°, b.^). 81°/12 mm., which on treatment with 
dilute alkali gives <iZ-methyl-a-fenchocamphorol (VI)."^ It would 
appear to be not improbable that cj/cZofenchene hydrochloride, 
m.p. 26-29°, derived from cycZofenchene (IX), is stereoisomeric* 
with this, though it behaves differently on treatment with alkali 
(see p. 551).* It is of interest to note that dehydration of metliyl- 
a-fenchocamphorol in the presence of acid catalysts gives mainly 
j8- and y-fenchenes, since a-fenchene is converted into these 
isomers under such conditions.” (Compare ]). 545.) 


HaC./vC 
U.X^-C 


-CH-CHo 


-HCl 


IH-C:CH 


HaC.C.CHs 
-CH 


(Vlll) 


+ HC1 
Vi ^ - 

CH, 



(IX) 


On hydrogenation over a nickel or palladium catalyst, a- 
fenchene gives imbornylane {oi-fenchant), 

* This formula is now assigned to ^-fenchenc (see p. 549). 

+ Ofvera. Finska Vet. Soc. 1908-1909, 61 A, no. 9, 10. 

^ Komppa and Beckmann, Annalen, 1934, 508, 205. 

8 The hydrocarbon, oL-pinolene, obtained by Asohan by the action of alkali on 
the liquid hydrochlorides prepared by the action of hydrogen chloride on ]>inene 
is not improbably a mixture of fenchenes, since it gave with hydrogen chloride 
a-fenchene hydrochloride. 

i< Komppa and Nyman, Annaleiit 1940, 543, 111. 
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It was mentioned above that, on ozonolysis, a-fenchene gave 
not only a-fenchocamphorone, but also a saturated acid, a- 
fenchenylanic acid, rf-form, m.p. 71-72^', dl-, m.p. 104-105'^, to 
which formula (V) has been assigned. This has been supported 
by a synthesis from a-fenchocamphorone (III), which on reduc¬ 
tion with sodium and alcohol yields oL-fenchocamphorol (apo- 
borneol) (X), m.p. 122-124°, converted by phosphorus penta- 
chloride into ajx>bormjl chloride (XI), m.p. 24-25°.’^ On treatment 
with magnesium and carbon dioxide this gives a-fenchenylanic 
acid, the structure of which is thus confirmed, provided that no 
rearrangement has occurred.^ With aniline, apobornyl chloride 
gives a mixture of apocyclene (XII), and apoi&ofenchene (XIII), 
whilst with potassium amyloxide it yields apobornylene (XIV)* 
(compare p. 331). 

Although Komppa and Roschier have suggested that a- 
fenchenylanic acid is formed by a somewhat unusual rearrange¬ 
ment of the ozonide, this is no longer likely, in view of the 
modified views now held concerning the structures of ozonides. 
If the acid is truly represented by (V) it is i^ossible, however, to 
postulate a scheme, shown on p. 543, by which it could be formed 
from the oxide (XV) by rearrangement to the aldehyde (XVI). 
Indirect support for the structure of fenchenylanic acid has been 
])rovided by Treibs and Schmidt® who have shown that the 
acid is formed, together with fenchenylanaldehyde (XVI) and a- 
fenchocamphorone, by the oxidation of a-fenchene with chromic 
acid, the reaction thus proceeding in a manner similar to that 
encountered in the case of camphene (p. 297). 

On treatment with bromine in acetic acid solution, a-fenchene 
gives a dibromide, d- and Z-forms, m.p. 87-88°, [aj^^ ± 43° (in ethyl 
acetate) ; d!/-form, m.p. 62°." The optically active dibromide has 
a sign of rotation opposite to that of the a-fenchene from which 
it is derived. Reduction of the d-dibromide with zinc dust in 
alkaline solution gives a mixture of Z-a-fenchene and fenchane, 

* This is probably stereoisomeric with apocyclene hydrochloride^ m.p. 44-40®, 
which on hydrolysis with dilute alkali gives o(.-imfeiu:hocamphorol, m.p. 132-133®, 
a stereoisomer of a-fenchocamphorol (Komppa and Nyman, Ber, 1936, 69, 1813). 

+ Compare the analogous reaction with bomyl chloride, p. 343. 

t Komppa and Hasselstrom, Aniuden, 1932, 497, 116. 

» Ber. 1928, 61, 469. 

II Wallach and Vivck, AnTiaien, 1908, 362, 182; compare Kondakov, J. pr. Chem, 
1909 fii], 79, 277. 
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a partial Wagner rearrangement being involved. Rearrangement 
also occurs when a-fenchene is hydrated with acetic-sulphuric 
acid, i^ofenchyl alcohol being formed. 


HgC -on -CHjj HjjC-CH-CH 

HaC.C.OHj HaC.i.CHg 

H.C-CH-CO TLC-CH-CH 


HjjC-CH—CHa 

HoC.l^.CllJ 


\ / 


CH 

(XII) 


HgC-CH-CHa -CH-CH^ X'-CH-CH 

I j HaC^ I 11 

H3(\C.CH3 PCI5 l\/).c.vn^ —> CUa ll 

HgC-(’H-CHOH - Ih -(’HCl hJ^-CH-CH 

(X) (XI) \ (XIU) 


-V rj-^ Jij 

Hjci.CH, -. 

112'-- 

■ H,C 

~v. la-V 11 2 

.i.CH. 

HjC.i'.C’H, 

1 

j<Lf n nu 

H C 

1 ' 

_ ^(‘H (^HO 

1 

H (’ (’H C 



V IX' V J 1 . V. 1 IX/ 

1 1 'V 1 1 Vv 

0 




(XV) 


(XVI) 

(V) 


p^FENGHENE 

/CH, 

HaC-CH-C< 

I ^CH, 

Clla 

rf-j8-Fenchene (IV) was first prepared by Bertram and Helle* by 
the dehydration of l-iso/ie7ic%/ alcohol (I), and shortly afterwards 
by Wallach and Neumann^ by the action of aniline on a fenchyl 
chloride prepared by allowing phosphorus pentachloride to act 
upon Z-a-fenchyl alcohol in light petroleum solution without 
cooling. It is probably best obtained pure either by the dehydra¬ 
tion of hoL-fenchyl alcohol (II) with potassium hydrogen sulphate 


* J. pr, Chem, 1900 [ii], 61, 353. 


+ AnniaUny 1901, 816, 281. 
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(Komppa and Roschier) or by the elimination of hydrogen 
chloride from lAsofenchyl chloride (III) with o-toluidine (Qvist). 

When prepared by the latter method rf-j3-fenchene has 
b.p. 15()-153^ df ‘‘ 1-4645, ^^,+62-91^ It can be 

characterised by the preparation of the crystalline dibromide, 
m.p. 81-S2 , or the nitrosochloride, m.p. 120"'. 


—OK—0 

(11, 


HOHC-0- 


^(11. 


CH, 

H -OH-H,(^-OH-C 


u 

(1) 


CHj 


‘’Hj 
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('H, 
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CH, 

(II) 


I I 

’-0-CH, 

(I:h. 


,/ 


H,C-CH- 

I'H, 

H,C:C-d'H - 


^CH, 

’H, 


/ 


(III) 


(IV) 


On oxidation \\ith potassium {)ermanganate, rf-jS-fenchene be¬ 
haves in an analogous manner to a-fenehene, yielding a hydroxy 
acid, A-hydroxy-^-fenchenk acid (V), m.p. 137-138° {dl-, m.)). 
125-126°), from which, by the action of lead ])eroxide in the 
presence of sulphuric acid, d-^-fenchocamphorone (VI), m.j). 
62-63° (dl-, m.p. 64-66°), can be prepared. This ketone on oxida¬ 
tion with hot potassium permanganate or nitric acid yields 
apofenchocarnphoric acid (VII), cis-, m.p. 144-5-145°, trans-. 




>CH- 
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0:C- 
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KMnO. 
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HaC-CH-0 , H f -CH-CV 


CH 3 


HO 

HOoC 
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-CH- 
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HbO, 

I’H, 
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CHj 

-diH- 


Vh, 


-CH. 


(VI) I HNO, 
.HO— 

I I^OH, 

CH, 


HO,C.HC-CH, 

(VII) 
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m.p. 147-148'', whilst on reduction with sodium and alcohol it 
gives ^-fenchocamphorol, m.j). 64-05°, b.p. 198-199° {hydrogen 
phlhalate, m.p. 126-127'’; phenyluretlume, m.p. 96-97 ), and 
its stereoisomer, ^-isofenchocamphorol, m.p. 60-61° {hydrogen 
phthalate, m.p. 130-131°).’^ 

The structure assigned to j8-fen(4iene has been coiihrmed by 
its oxidation with ozone to jSTenchocamphorone. 

A partial synthesis of j3-fenchene was carried out by Jvomppa 
and Roschior^ on the lines of their synthesis of a-fcncheiie 
(compare p. 540). By the action of mctiiyl magnesium iodide 
on j8-fenchocamphorone they prepared methyl-p-fenchocavnphorol 
(VllI),^ m.p. 86- 87°, which on dehydration with ])otassium 
hydrogen sulphate gave a mixture of /3-fenchene (IV^) and 
y-fenchene (IX). 
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II I I 

HoC.C-CH-C 


CIH 


(IX) 


The synthesis of )3-fencho(*amphoronc has been attended 
with considerable difficulty.^ Short" prepared a])ofencho- 
camphoric acid synthetically by the condensation of ethyl 
disodiopropane-aa'yy'-tetracarboxylate (X) with ^^'?obutylene 
dibromide (XI), whilst Bardlian, Banerji and Bosc^ described 
a synthesis of homoapofenchocamphoric acid (XII), m.p. 246°. 


^ Komppa and Beckmann, Aniiulen, 1939, 637, 140. 

+ Annal, Acad. ScL Feanicae, 1917 (A), 16 [xj, 1. 

* A stereoisomeric form of this alcohol, termed p-fenchene hydrate, m.p. 67®, has 
been obtained from isofenchyl alcohol (see p. 559). 

# Compare Komppa and Komppa, Ber. 1936, 69, 2606. 

II J.C.S, 1927, p. 961. A more convenient synthesis has recently been described 
by Mukherji {Science and Culture, 1948, 13, 388). 

5 J.C.S. 1935, p. 1127. 
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(HAOjQgC.Na 


iu, 

(H5C,0,C),i.Na 

(X) 

HOjC.CHj.CH 

diH 

uOjC.iii 

(XU) 


yCH, 

Br.O( 

I h;h3 


Br.CH, 

(XI) 

C'U, 

''CH, 



HOjC.C’U-CC^ 


CH, 


OH, 


CH, 


Oil, 


HOjt'.CHj.CH-C'Hj 

(Xlla) 


At the time, the latter compound was obtained in a quantity 
insufficient to enable a study to be made of its cyclisation 
into j8“fenchocamphorone, but more recently,’^ as a result of an 
im[)roved synthesis, shown below, success has been achieved, 
the ketone being formed by pyrolysis of the lead salt of the 
synthetic acid: 
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H 3 C. 
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CHa 

-CH.CHo.COoH 


HjC-CH-CH, 

H 3 C. 1 ! 

Vj—tm—CO 
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(Via) 


With hydrogen chloride, j3-feiicherie gives an oily hydrochloride, 
which is reconverted into the hydrocarbon on treatment with an 
organic base. On hydration, jS-fenchene gives itsefenchyl alcohol. 

* Mukherji and Bardhan, J,C\8. 1949, p. 195. Mukherji (Science and CvJUure, 
1948, 18, 388) has describod the synthesis of the isomeric homoapofencho> 
camphoric acid (Xlla). When the load salt of this acid is heated, it yields jS-iso- 
camphenilone (Via). 
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y-FENCHENE 


H3< 

y-Fenclicne has not been obtained pure, but it forms the main 
constituent of the hydrocarbon fraction, b.p. 145-147"", 
0-8547, 1*4607, which is obtained when a-fenchyl alcohol is 

dehydrated with potassium hydrogen sulphate. This was shown 
by the fact that, on ozonolysis, the main products were (i) an 
aldehyde, CioHjeOg (TT), disemiairbazom, m.p. 219", and (ii) a 
letonlc acid, (III), semicarbazone, m.p. 220-221"^. The 

constitution of the latter was established by its oxidation with 
sodium hypobromite to iv^i.nH-a'poJenchocamjdtoric acid (IV). 
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Whilst the isolation of these i>roducts leaves no doubt as to 
the constitution of the hydrocarbon which was oxidised, it was 
not homogeneous, since, when the crude aldehyde (II) was 
oxidised with silver oxide, it gave, in addition to the ketonic acid 
(III), cm-isofenchocamphoric acid (VII), which could only have 
resulted from the degradation of h-fenchene (V), the primary 
oxidation product of which would be the dialdehyde (VI). 
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y-Fcnchene gives a crystalline adduct, probably (VIII), m.p. 
I??"", with phenyl azide;"^ it also forms a nitrosate, m.p. 146-147'^ 
(decomp.), and a nitrosochloridc, m.]). ISO"" (decomp.).^ On 



(Vili) 


8-^FENCIIENE 
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—CH- 
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11c— 
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-CHg 


CH3 



8-Fencliene, known also as fenchylene,^ hofenchylene (Qvist), or 
isofenchene (KonijDpa), has not been ])re])ared pure and free from 
cycZofenchenc. It is i)resent in the lowest boiling hydrocarbon 
fraction which is obtained (i) when a-fenchyl alcohol is dehy¬ 
drated with potassium hydrogen sul])hate, or (ii) by the distilla¬ 
tion of methyl ^5ofenchylxanthate. According to Nametkin, 
the hydrocarbon derived from the i-xanthate boils at 139- 
1407762 mm., djT 0-8381, 1-4494, [a]p -68-76° (in alcohol). 

It can be characterised by the preparation of a nitrosochloride, 
m.p. 142°, and a nitrosate, m.p. 163°. 

The constitution of the hydrocarbon (I) follows from the fact 
that on oxidation with potassium x^ermanganate it yields cis- 
isofenchocamphoric acid (II). 
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♦ Alder and Stein, Annalen, 1933, 601, 1. 

t iComppa and Beckmann, Jbid. 1933, 503, 130. 

♦ Nametkin, J. pr» Chem, 1923 [ii], 106, 26. 
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With ])henyl azide, 8-fencliene gives two adducts, m.p.’s 122^ 
and 12S-129'^, respectively, which are probably represented by 
the structural isomers (III) and (IV)."' 
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CH3 Clt, 
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H3C.C.CH3 I 

IJ^C-CH-r.CHg 

^-Fenchene (I) has been prepared by Hilckel and Kindler^ by 
heating ^-fenchyl p-toluenesulplionate with sodium ?,9opropoxide 
at 140 \ The hydrocarbon was purified by fractional distillation, 
and then showed b.p. l46*2-14(v8°/752 mm., 0*8626, 71 %^' 
1*4685, —24*1“. Its Raman S})ectrum was also recorded. 

The constitution was proved by oxidation with jiotassium per¬ 
manganate, when it gave cm-apoca7n])horic acid (III), via the 
hdo-acid (II) (seimicarhazoyie, in.]). 158-161“). The isolation of 
^-fenchene is of interest, since its structure was at one time 
allocated to the so-called “m>pinene” prepared })y Aschan 
from c^/ctofenchene hydrochloride (see p. 541). 
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• Alder and Stein, AnnaUn, 1933, 601, 1. 
t Chem. Ber. 1947, SO, 197. 
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No crystalline derivatives of the hydrocarbon have been 
described, the hydrochloride ([a]p —41°), nitrosochloride, and 
dibromide having been obtained only as oils. The hydrochloride 
would be expected to have the (*onstitution (IV), identical with 
one of the stereoisomeric forms of a-fenehene hydrochloride 
(p. 541), but this does not appear to be the case. Furthermore, 
^-fenchene hydrochloride, on treatment with bases, regenerates 
the same hydrocarbon and gives no a-fenchene. Further investi¬ 
gations on the structure of this derivative would be of interest. 


CYCJ.OFENCHENE 


H,C-CH- 
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Oil. 
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I Vh. 
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cycioFencheiie (/3-pinolene) was first separated by Aschan in 1911 
from the mixture of hydrocarbons which is obtained when the 
liquid hydrochlorides resulting from the action of hydrogen 
chloride on pinene are treated with alkali. It has since been 
shown to be present also in the lowest boiling fractions of the 
mixture of fenchenes prepared by any of the general methods 
given on p. 631. The simplest method for its prej)aration consists, 
however, in treating d-fenchonehydrazone with mercuric oxide 
in the presence of alkali* (compare p. 573). cycZoFenchcne can 
readily be obtained pure, since it is only very slowly attacked by 
potassium permanganate, and it can thus be freed from rm- 
saturated hydrocarbons by shaking with this reagent at 60-80° 
for some hours. 

When prepared from /-fenchyl alcohol, the hydrocarbon is 
slightly laevorotatory ([a]^ -1-77°); for the carefully purified 


* G.P. 353933, 
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terpene Ostliiig* gave the following constants: b.]). 143- 
143-57748 mm., 0-8624, 1-4537, and values in close 

accord with these have been obtained by other investigators. 

By the distillation of cycZofenehene over platinum black in a 
current of hydrogen at 155-166'^, Zelinski and Lewina^ obtained 
i^sobornylane (p. 529), whilst, when passed over the same catalyst 
in a current of carbon dioxide at 300°, ring fission occurs with the 
formation of a mixture of a- and /S-fenchenes. A mixture of jS- 
and y-fenchenes is also obtained by treatment of c7/c?ofenchcne 
with potassium bisulpliate,* whilst Ipatiev and Pines * have shown 
that it is converted into a mixture of bicyclic olefinic hydro¬ 
carbons (])re8umably fenchenes) when heated under pressure 
with aqueous magnesium chloride. 

When rf-r^ciofenchcnc ([ajj^ -f 1-0°) is treated with activated 
earth it forms d-^-difenchene (I), in.p. 83°, b.p. 171°/10mm., 
+ ^7° in chloroform: similarly, i-c//riofenchene gives /-j3- 
difencheney m.p. 83°, — 66° in chloroform. The rf/-diterpene, 

prepared by admixture of tlie d- and /-forms, crystallises in 
prisms, m.p. 57°." For an ac(*oimt of tlie reactions of these com¬ 
pounds, and the proof of structure, the original paper should be 
consulted. 
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On treatment with bromine, c7/c/ofenchene yields ci-fenchem 
dibromide, m.p. 86-87°, wdiilst with hydrogen chloride it gives 
a somewhat unstable hydrochloride, m.p. 26-29° (compare p. 541). 
On treatment with dilute alkah, the hydrochloride gives j8- 
fenchene hydrate (p. 559). By the hydration of ci/c/ofenchcne, 
i^ofenchyl alcohol is obtained. 

♦ J,C,S. 1912, 101 , 472. 

+ Antialen, 1929, 476, 63. 

♦ Komppa and Nyman. Atuuden, 1938, 635, 262. 

« J, Amer. C,S, 1^5, 67, 1931. 

>1 Toivonen, Alfthan, Book, Erich and Heino, J, pr, Ohem, 1941 [ii], 169, 70. 
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B. ALCOHOLS 


FENCE YL ALCOHOL 


II.' 


A .)— 


-CHOH 


The occurrence in nature of feneliyl alcohol was first reported by 
Schimmel and Co.,* who isolated it from an oil obtained from old 
roots of Pinus 2 ^olustris \ this observation was subsequently con¬ 
firmed by Zeitschel and Todeiihofer.^ The dextro- and laevo- 
rotatory forms were prepared by Wallacli^ by the reduction of 
d- and Z-fenchones (I) with sodium and alcohol,*' when the dextro¬ 
rotatory ketone yields a laevorotatory alcohol, change of sign 
occurring. 
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It was recognised that fenchone, like camphor, should on 
reduction give two stereoisomeric alcohols (IIa) and (IIb) corre¬ 
sponding to borneol and isohorneol, and it was actually observed 

* Schimmd'a Report^ 1910, April. 

J. pt, Chem. 1932 Lii], 133, 374; compare Komppa and Beckmann, Ber. 1936, 
68 , 10 . 

* Annalen, 1891, 263, 143; 1893, 272, 104. 

* Compare Gardner and Cookburn, J.G.8, 1898, 73, 276. 
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that the alcohol obtained by the reduction of fenchone was not 
homogeneous, since Bertram and Helle’*' found it convenient to 
purify it through its crystalline hydrogen ])hthalate. The se])ara- 
tion of the two alcohols, \-cx.-fenchyl alcohol and l-^-fenchyl alcohol,^ 
j)re])ared by the reduction of d-fenchone, was first eflected by 
Kenyon and Priston.* Z-oc-Feiichyl alcohol was readily obtained 
pure by the hydrolysis of its b})aringly soluble hydrogen phthalate ; 
the isomeric Z-j8-fenchyl alcohol, the hydrogen })hthaiate of which 
was readily soluble, was purified by crystallisation of its p-nitro^ 
benzoate. According to Schmidt and Schul?/ the hydiogcnation 
of fenchone over a nickel catalyst gives mainly the ^-alcohol, 
whilst the a-isomer is the })rinci])al product when the reduction 
is carried out with sodium and alcohol. These authors have also 
described the dextro- and inactive modifications of both stereo¬ 
isomers, whilst Huckel, Kindler and Wolowski" have jirejiared 
several n(‘W derivatives. The constants of the alcohols are given 
in the table below, and it is interesting to note that, whereas 
d-cam])hor gives on reduction d-borneol and ?-/soborneol, both 
alcohols derived from d-fenchonc are laevorotatory. 

The Stereoisomeric Fenchyl Alcohols 

M.p.’s of derivative's 
Hvdiof^en p-Nitio- Phenyl- 
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± 0“ 
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The constitution of the fenchyl alcohols is proved by their 
conversion on oxidation with chromic acid into fenchone, Kenyon 
and Priston observing that the d-fenchone obtained by the 
oxidation of both Z-a- and Z-j8-fenchyl alcohols had the same 
rotatory power as the c?-fenchone from which they were jirepared. 
It appears probable that a-fenchyl alcohol corresponds in 

♦ J. pr. Chem. 1900 fii], 61, 294. 

t The nomenclature is unfortunate; a- and jS-fenchyl alcohols are thus stereoiso- 
mendeSt whilst i^ofencliyl alcohol (p. 667) is a structural isomeride. 

t J.a.S. 1925,126, 1472. 

8 Sch%mmel*8 Ueport, 1935, p. 97. 


II Ber. 1944, 77, 220. 
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configuration to borneol.’^ In addition to the methods mentioned 
above, the reduction of fenchone to fenchyl alcohol has also been 
found to occur when the ketone is treated with ethyl magnesium 
iodide^ or propyl magnesium iodide.* d-oc-Fenchyl alcohol has 
also been obtained by the hydration of laevorotatory oil of 
turpentine. The formation of this alcohol from pinene was first 
observed by Bouchardat and Lafont * to occur when the hydration 
was effected with concentrated sulphuric acid, but later the same 
investigators showed tliat a mixture of acetic and sulphuric acids 
could also be used." As is mentioned elsewhere, this reaction 
involves a Wagner rearrangement. 




IlgC-CH 



Ah, 

1 


HoC- 0 - 

-CHOH 



CHa CHa OH^ 

(III) (II) (IV) 

There has been considerable controversy ^ as to whether both 
a- and jS-pinenes (III) and (IV) can yield fenchyl alcohol, but the 
more recent exj)erimeiits of Delepine^"^ have shown conclusively 
that it can be pre])ared from either. For the hydration of pinene 
to fenchyl alcohol the use of various organic acids has been 
suggested.** The formation of fenchyl alcohol from j8-pinene has 
also been observed to occur when the hydrocarbon is oxidised 
with hydrogen peroxide in acetic acid solution.** 

The reduction of fenchyl alcohol with hydriodic acid and red 
phosphorus at 210-215° yields a hydrocarbon, CjoHgo, the con¬ 
stitution of which has not been determined, but it is apparently 
identical with that obtained by the reduction of d-fenchone under 
similar conditions.** On oxidation with either chromic acid or 


Schmidt and Todenhofer, SchimmeVs Report^ 1937, p. 113; Huckel, Kmdier and 
Wolowski, loc, cit.; compare Komppa and Beckmann, Annalen, 1936, 522, 137. 
t Konovalov, Miller and Timtschenko, J. Rvsa, Phys. Chem. Soc. 1906, 38, 44S. 
* Leroide, Ann, Chim, 1921 [ix], 16, 364. 

» Gomyt, rend. 1887,105, 1177; 1897,125, 111. 

I Ann, chim. 1886 [vi], 9. 678; 1889,16, 240; Gompt. rend. 1891,113, 661. 

5 Compare Barbier and Grignard, Bull. Soc. chim. 1909 [iv], 5, 524. 

** Gompt. rend. 1924,178, 2088; 179, 175. 

Compare inter eU., Haller, Gompt. rend. 1924,178, 1936. 

^ Henderson and Chisholm, J.G.8. 1924,125, 112. 

*» WaUaoh, Annalen, 1896, 284, 326. 
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nitric acid fenchyl alcohol yields fenchone, the ketone being also 
formed when the alcohol is distilled over copper/ 

The replacement of the hydroxyl group in a~fencliyl alcohol 
by halogen to yield fenchyl chloride (V), which may be carried 
out either by the action of hydrogen chloride or phosphorus 
pentachloride, has been the subject of an extremely large number 
of investigations/ There can be no doubt that the reaction pro¬ 
ceeds in a most complex manner, yielding a mixture of isomeric 
fenchyl chlorides, and it is extremely doubtful if the pure fenchyl 
chloride (V) has actually been prepared from fenchyl alcohol, 
although the presence of this chloride in the mixture is proved 
by the experiments of Konij)pa and Hintikka,^ who, by treating 
the chloride with magnesium and carbon dioxide, ])repared the 
carboxylic acid (VI), m.p. 45-4(>°. 


/CH, 


H^C-OH-(X 

I I 


a.o —CH- 




tJHo 




CH, 


CHCl 


Mg -f CO* 






CH, 


CH 3 

CH, 




(V) 


(VI) 


On the other hand, on elimination of hydrogen chloride by 
the action of bases (aniline, potassium hydroxide, etc.) fenchyl 
chloride always yields a mixture of the isomeric fenchenes, and 
it was fui’ther observed by Wallach* that on oxidation with 
potassium permanganate it gave hy droxy-a-fei ichenic acid (VIII), 
indicating the presence of a chloride having the structure (VII). 




-CH-Cfla 

HoC.i.CH, 


-CU- 


-CH, 




KMnO^ 


HoC.C.CHo 


H-CH.CH,C1 

(VII) 


Hv 


/OH 

-CM-0/ 

(VllI) 


It would appear to be legitimate to conclude that fenchyl 
chloride prepared from fenchyl alcohol is a mixture of chlorides 
♦ Neave, J.C.S, 1912,101, 614. 

t Inter dl., Wallaoh, Annalen, 1891, 268, 148; 1895, 284, 332; 1898, 802, 371; 
1901, 815, 299; 1908, 862, 183; Kondakov and Lutschinin, J» pr. Chew. 1900 (ii], 
62, 6; Kondakov and Schindelmeiser, ibid. 1903 [ii], 68, 106; Kondakov, %htd. 
1909 [ii], 79, 272; Komppa and Beckmann, Aanalen^ 1934, 509, 61. 
t Bet. 1913, 46, 646. « Annalen, 1898, 302, 382. 
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derived from the liydi*ocarbons (IX), (X) and (XI), in which one 
or the otlier may ])redominate, and it is not improbable that, Kke 
bornyl, isobornyl chlorides and camj)hene hydrochloride, they 
are tautomeric substances. Experimental investigation in this 
field is ham])ered by the fact that fenchyl chloride and its iso- 
merides, unlike bornyl chloride, show Httle tendency to crystal¬ 
lise. It must be mentioned that Aschan^ has shown that the liquid 


/CH3 

H ,C-- CH -(^ ( 11/^-CH-C^Ua 


1 

CH3 

I 

CHz 

1 


II/’ (’ CH, 

1 

1 

i /I / 


i'H C 

* V \ 

I 

^2 11/ 

J il V 

I 

CH3 



(IX) 


(X) 




~CH 




CH, 


I I 

H 3 C Cli—C' 


H-CH. 


(XI) 


chlorides, which are always obtained as a by-])roduct in the 
})re])aration of bornyl chloride, contain fenchyl chloride, since, 
on elimination of hydi'ogcn chloride, a mixture of fenchenes and 
cycZofenchene is obtained. 

The marked tendency for fenchyl alcohol to undergo rearrange¬ 
ment is shown further in its behaviour towards dehydrating 
agents. Under neutral conditions it gives a-fenchene, by a 
Wagner change, but in the presence of acids the main ])roducts 
are /3-fenchene, y-fencheiie, cyrZofenchene, and 1-methylsantene, 
the formation of which has already been discussed on p. 536. 

VFenchyl p4olu€nesulj)ho7iate, m.p. 97-98"^, has been described 
by Huckel, Neunhoeffer, (4ercke and Frank.^ On treatment with 
sodium i.5opropoxide it gives a mixture of a- and ^-fenchenes 
(see p. 549). 

\-Methyl oi-fenchylxanthate was prepared by Tschugaev* and is 
an oil, but the crystalline mnide can be obtained by the action 
of ammonia and melts at 129-130®, [a]^) —78*51° (in benzene). 
a-Fenchene is the main product formed by distillation of the 
ester. 

A large number of a- and j3-fenchyl esters have been prepared 
by Kenyon and Priston, who have studied their optical pro¬ 
perties in great detail and have compared them with similar 
derivatives of borneol and i^oborneol. 


Ber, 1907, 40, 2760; Annalm, 1912, 887, 1. 
t Annalen, 1930, 477, 99. * Ber, 1902, 35, 2479. 
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l^OFENCHYL ALCOHOL 


(‘H, 


I I Vii. 

CH„ 


HOllC 


I 

CH, 


-CH, 


KvoFenchyl alcohol does not occur in nature and the laevorotal ory 
alcoliol \vas first prejiared by Bertram and Jlelle^ by the hydra* 
tion l-oL-fenchene (I) with sulphuric-acetic acid mixture 


CHa 

H,c—cn —c< 

|h. ' 

n>C^- 1 -CHOH 


I 

Cli, 

(IV) 


H,C-CH-(^ 

I 

CH, 
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("Ha 

H, 


CH, 




Ha 

(ill) 
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H>(^- VH —C 


(TT, 


IhC— 


CH, 


- VR 

/ 

/ 

C CH, 


(I) 


/CHa 

H,(’ CH-(V 

I I '^CHa 

(Ha I 

J-C-CH, 


none 


Cli, 

(H) 


It was found that the reaction apparently proceeded solely in 
the one direction, yielding an alcohol, which after purification 
through a crystalline hydrogen phthalate melted at 61 •5-62'^. 
This alcohol must have the structure represented by (II), since on 
oxidation it yields mofenchone (III) the proof of the constitution 
of which is given on p. 581. The most suitable conditions for the 
preparation of this alcohol from i!-a-fenchene were determined 
later by Wallach and Vivek.^ It is not possible to account for this 
reaction by a normal Wagner change, since such a transformation 

♦ J. pr. Chem. 1900 [u], 61, 300. 

t AnnaUn, 1908, 862, 191. 
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would give the structurally isomeric/ericAyi alcohol (IV); this, 
however, may be subsequently converted into wofenchyl alcohol 
through the intermediate formation of c^/cZofenchene (see p. 638). 
Z-a-i^oFenchyl alcohol can be obtained also by the hydration of 
A-^-fenchene (V) with alcohol and sulphuric acid, the ethyl ether 
(VI), b.p. 200-201'^, so obtained being readily hydrolysed by 
water. 


HaC- cn 

I 

QH 

HjC.C-CH-OH, 

(V) 


^/CH3 




-CH- 


H.Co.O.HC—-(!• 


CH, 


/CH, 

CY H, 

Vh, 


ijrL 


I 

-CUi HOHC-0 


i’H. 


CH. 

^<0H. 

in. 


(VI) 


ill, 

( 11 ) 


As mentioned on p. 339, tricyclcne on hyckation yields borneol 
(and isohoniGol) and it is of interest to note that Q vist ^ has shown 
that d-cyclofenchene (VII) behaves in a similar manner, giving 
/-a-iivofenchyl alcohol. 



/CH 3 

HjC-CH-C ; H 3 C-CH- 

1 \C1L 


CH. 


HOHC- 


(VII) 


ill, 

(II) 


-CH. 


< 

I \(! 


CH. 


CH. 


CH, 


H.C-C(()U)—CH 

in.-COjii 

(VIll) 


d-a-i^oFenchyl alcohol was prepared by Wallach^ by the 
hydration of d-a-fenchene and Z-jS-fenchcne and also by the action 
of dilute sulphuric acid on nopinol acetic acid (VIII). The last 
reaction, also, presumably involves an initial Wagner change 
into fenchyl alcohol, which then undergoes a further isomerisa¬ 
tion. 

Z-a-i6foFenohyl alcohol, which has an odour resembling that of 
borneol, has m.p. 6^5-62^ b.p. 201-202^ 88710 mm., 
0-9613, nif" 1*4800, [a]|j -26*2'^ (in alcohol), and can be identified 
as the phenylurethane, m.p. 106-107°, the a-naphthylurethane, 


* Annalen, 1918,417, 278; compare Aschan, Ber. 1907,40, 2750. 
t Anncdea, 1907, 367, 56; 1908, 368, 5. 




cii. VI AND THEIR DERIVATIVES 559 

m.p. 114°, the hydrogen phthalate, m.p. 155*-166°, or the benzoate, 
m.p. 70°. 

d-a-isoFenchyl alcohol has m.p. 62-63°, and, according to 
Kondakov’^ gives a very much higher specific rotation, [a]^) 
+ 45-4°. 

dZ-a-i6foFenchyl alcohol, i)repared by Aschan^ from cyclo- 
fenchene, and by Komppa and Beckmann^ by hydration of 
y-fenchene, has m.p. 42-43°, b.p. 202-203°, 0*9633, rijf 

1*4755, and gives phenylurethane, m.p. 94-95°, and a hydrogen 
phthalate, m.p. 149°. 

Evidence for the existence of the stereoisomeric ^-isofenchyl 
alcohol was first obtained by Bertram and Helle, who observed 
that the alcohol prepared by the reduction of ?5ofenehone witli 
sodium and alcohol was a liquid, which, although it failed to 
form a pheiiylurethaiie, gave a hydrogen phthalate, m.p. 110-111°. 
This, it now appears, was not a homogeneous derivative, since 
Alder, KStein and Rickert,® by hydrogenation of rf/-isofenchone, 
have obtained dl-^-isofenchyl alcohol, b.p. 89°/15 mm. {phthalate, 
m.p. 104-105°; phenylurethane, m.p. 101°), whilst Schmidt and 
Todenliofer" have similarly prepared d-^Asofenchyl alcohol, m.p. 
8 \b.p. 196-197°, 0*952, 1*4726, [a]^ •+ 15*3° (inalcohol), 

which gave a hydrogeri phthalate, m.p. 80°, and an a.-naphthyl- 
methane, m.p. 126°. 

Dehydration of i^ofenchyl alcohol with zinc chloride gives a 
mixture of fenchenes, in wliich the j3-hydrocarbon predominates. 

On oxidation with chromic acid, isofenchyl alcohol (both the 
a- and jS-forms) gives ?5ofenchone, whilst with potassium per¬ 
manganate it gives the same degradation products as this ketone. 

An i^fofenchyl chloride has been described by Qvist^ and by 
Komppa and Beckmann it is prepared by the action of phos¬ 
phorus pentachloride on the alcohol in an inert solvent, and is 
not homogeneous.^^ (Compare fenchyl chloride, p. 555.) It gives 
mainly jS-fenchene on digestion with o-toluidine, whilst with 
dilute alkali it yields ^-fenchene hydrate, m.p. 67° {phenylurethane, 

* J. pr, Chem, 1902 [li], 66, 227. t Ber. 1907, 40, 2760. 

» Annalen, 1933, 603, 130. • Ibid. 1936, 626, 221. 

II SchtmmeVa Report, 1937, p. 111. 

5 Annalen, 1918, 417, 278; compare Kondakov, J. pr. Chem. 1907 [ii], 76, 642. 

AnnaUn, 1933, 603, 130. 

tt Komppa and Beckmann, Annalen, 1934, 609, 61. 
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m.p. ] 01-102'"), a stereoisomer of methyi-jS-fenchocamphorol 
(p. 545). l-^-Feiichene hydrate, m.p. OS'", [a]|]^ —2*6° in benzene 
(phenylurethane, m.p. 92-93°), has been described by Toivonen.* 

Methyl isofenchylmnthate is an oil, but Nametkin^ has pre¬ 
pared from it a crystalline amide, m.]). 69-70°. On distillation 
the xanthate yields a mixture, consisting mainly of 8-fenchene 
and cyctofencliene. 

^-Methylimfenchyl alcohol (IX), m.p. 53° {hydrogen phthalate, 
m.p. 146-147'", phenylurethane, m.p. 75-76°), is obtained by 
hydration of 4:-methyl-aL-fencherte (X), itself derived by dehydra¬ 
tion of 3 -methylepibor7ieol (XI).^ 
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CH. 


CH 3 

''CH, 
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HoC- 1 -CH, 
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none—c—CHj 
(l-’Hj 
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HjO.C.C'H, 
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H,C i.CHj 1 
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C. KETONES 


FENCHONE 



I 


In 1890 Schimmel and Co.* observed that oil of fennel (from 
Foeniculus vulgare) contained, in addition to anethole, an oxy¬ 
genated derivative boiling at about 190°, which had a cam- 
phoraceous odour. This substance, to which the name fenchone 
was given by Wallach,'' was dextrorotatory, and in the following 
year WallacW separated its optical enantiomor})h from thuja oil 

* J. pr. Chem, 1941 fii], 159, 70. t lUd. 1923 [ii], 106, 26. 

* Nyman and Kuvaja, Annalen, 1939, 638, 68. 

* Schimmel'8 Meport, 1890, April, p. 20. 

II Annalen, 1891, 263, 129. 5 Ibid. 1892, 272, 102. 
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(from Thuja occidentalis L.). The only other essential oil in whieh 
the ketone occurs in quantity is that derived from Lavandula 
dictata^ 

After the discovery of fenehone in Schimmel and Co.’s 
laboratory, its study was undertaken mainly by Wallach and his 
collaborators, althou^^jh, as will be seen from the sequel, many 
imi)ortant contributions to its chemistry were made by other 
investigators. Wallach and Hartmann^ showed that d-fenchone 
had the composition and that it was a ketone, since it 

gave an oxime, m.p. 148-149^. It was recognised that fenehone 
resembled camphor very closely in its properties, and since 
camphor at the time was regarded as having formula (I), Wallach 
and Hartmann suggested (11) as a representation of fenehone. 




--CO 

hJ' --C'Hj 

( 1 ) 


CH 

i. 


H.C- 


-l 


'-CH, 

-CO 


C,H, 

(II) 


HC—c: 

H,c—in. 

(HI) 


cii, 

io"”’ 


In the following year^ this formula was shown to be incorrect, 
since, on oxidation with iiotassium permanganate, fenehone gave 
(limethylmalonic acid, proving the presence in it of the group 



furthermore, it did not contain a 


group 


adjacent to the carbonyl groiq) as it did not form a hydroxy- 
methylene derivative.** Additional proof that camphor and 
fenehone could not be related to one another as in formulae ( 1 ) 
and (II) was furnished by the fact that, whereas cam})hor on 
treatment with dehydrating agents (P 2 O 5 , etc.) gave p-cymene, 
fenehone gave 7 ^i-cymene. After suggesting various formulae 
based on (I), but differing in the relative positions of the methyl 
and 75 opropyl groups, Wallach” advanced a completely different 
formula (III). This formula had little to recommend it and in 
the following year Tiemann,’ influenced by Bredt’s formula for 


* bchnnrneV^ Report^ 1908, Ajiril, p. 58. + Annalen, 1890, 259 , 324. 

* Ibid, 1891, 263 , 153. 

« Wallach, Ber. 1895, 28, 34. 

ii AnnaJen, 1894, 284 , 342. 9 Ber, 1895, 28 , 1087. 
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camphor and his own modification thereof, suggested that (IV) 
was a more probable representation of fenchone. Wallach’s 



investigation of the oxidation products of i-a-fenchene (V) 
(compare p. 532) led him to reject this formula. This hydrocarbon, 
which had been prepared from the alcohol resulting by the 
reduction of fenchone, gave on oxidation hydroxy-oi-fenchenic 
acid (VI), from which by the action of lead peroxide the ketone 
oL-fenchocamphorone (VII) was prepared. Since the latter gave on 
oxidation apocamphoric acid (VIII), the formula of a-fcnchene 
was obviously rey)resented by (V). On the assumption that no 
molecular rearrangement occurred in the y)assage of fenchyl 
alcohol into a-fencheue Wallach’^ assigned formula (IX) to 
fenchone. 



This formula accounted readily for the majority of the re¬ 
actions of the ketone and received general acceptance. It was 
supported by the experiments of Gardner and Cockburn,^ who 
independently suggested the same formula and who showed that, 
on prolonged oxidation with nitric acid, the ketone gave a mixture 

+ J.C.8, 1898 , 78 . 708 . 


* Annfden, 1808 , 300 , 319 . 
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of dimethyltricarballylic, dimethylmalonic and i^ocamphoronic 
acids. An objection was, however, raised by Marsh,^ who pointed 
out that it did not account for the formation of 3:4-dimethyl- 
acetophenone (X) by the action of sul])huric acid. This objection 
was obviously of little w eight, since the conversion into the xylene 
derivative must occur with profound molecular rearrangement. 

While Wallach’s formula for a-fenchocamphorone was rigidly 
proved, the same did not a])ply to his fenchone formula. Although 
a-fenchene was obtained by dehydration of feuchyl alcohol or 
by the elimination of hydrogen chloride from fenchyl chloride, 
it w as not the only hydrocarbon formed in these reactions, which 
evidently ])roceeded in a complex manner. It could not, therefore, 
be assumed that no molecular rearrangement was involved in its 
formation. Fenchone was remarkably resistant to oxidation with 
nitric acid (compare p. 571), reacted only very slowly with semi- 
carbazide, and could not be converted into a carboxylic acid by 
the action of carbon dioxide in the presence of sodium (compare, 
how'ever, p. 578). These properties, and others, were inconsistent 
with the presence of a hydrogen atom in the a-position to a 
carbonyl group, and in 1905 Semmler^ suggested in place of 
the Wallach-Gardner-Cockburn formula the representation (XI), 
which has since been shown, both analytically and synthetically, 
to be correct. It will be observed that, if fission is assumed to 
occur at the dotted lines, the oxidation products isolated by 
Gardner and Cockburn are accounted for. 
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I \CH, 
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One of the main difficulties encountered in the determination 
of the constitution of fenchone was its great stability towards 
oxidising agents, which rendered it impossible to carry out a 
stepwise degradation. An important advance was therefore made 
when Semmler* observed that, on digesting the ketone with 

♦ J,C,8. 1899, 76, 1058. t Chem.-Ztg, 1905, 29, 1313. ♦ Ber, 1906, 39, 2578. 
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sodamide in benzene solution, ring fission occurred with the 
formation of A-fendwilamide (XII), m.p. 94°, from which the 
corresponding acid, d-fencholic acid (XIII), m.p. 18-19°, b.p. 
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151~152°/17 mm., could be obtained by hydrolysis with alkali. 
Later, Wallach * showed that the same acid was formed by fusion 
of the ketone with potassium hydroxide at 220-240° under 
pressure. 

The reactions of fencholamide were studied in great detail by 
Bouveault and Levallois,^ who effected a partial synthesis of 
feneliolic acid. Wlien d-fencholamide was treated with bromine 
in alkaline solution difencholylurea (XIV) was obtained, which on 
digestion with dilute sulphuric acid gave a hydrocarbon, upo- 
Jenchem, C 9 Hig, b.p. 143°. This hydrocarbon, from its method 
of formation, could evidently be re])resented by either (XV) or 
(XVI). On oxidation with potassium permanganate a ketonic 
acid was obtained, w^hich had formula (XVII), since it gave on 
treatment with sodium hypobromite ^-impropylglutaric acid 
(XIX). Apofen chene consisted therefore essentially of the hydro¬ 
carbon (XV), although as Wallach,^ who characterised it by the 
preparation of a nitrosochloride, m.p. IIS'", showed later, it was 
not homogeneous, since oL-impropylglutaric acid (XX) was also 
obtained by its degradation. By the action of hydrogen chloride 
on a])ofenchcne Bouveault and Levallois prepared apofenchyl 
chloride (XXI) and from this, by the action of carbon dioxide in 
the presence of magnesium, fencholic acid (XIII). 
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A comparison of the amides of the synthetic acid, m.p. 104°, 
with that of fencholamide from d-fenchone showed that they 
were not identical and, since this difference was probably due to 
stereoisomerism, a second synthesis was devised with the object 
of preparing dZ-fencholic acid. 


* Annalen, J909, 369, 73. 

t Compt. rend. 1908,146, 181; BuU. Soc. chim. 1910 [iv], 7, 642, 683, 736, 807, 
963, 968. 

t Annakn, 1911, 879, 182. 
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By fission of the dicyclic ring of camphenilone (XXII) with 
sodamide, the amide^XXIII) was prepared, and the acid chloride 
(XXIV) of the acid obtained therefrom by hydrolysis was con¬ 
densed with benzene by the agency of aluminium chloride. By 
methylation of the sodium compound of this benzoyl derivative 
(XXV) with methyl iodide, followed by hydrolysis with sodamide, 
a fencholamide, m.p. 108°, was obtained. This amide was 
evidently stereoisomeric with that prepared from apofenchene 
and also with that derived from rf-fenchone.* The structural 
identity of the optically inactive amide derived from rfi-fenchone 
(prej)ared by mixing equal quantities of the d- and ^-amides from 
d- and Z-fenchones) and the synthetic amide was proved by a 
comparison of their ureas. rZZ-Difencholylurea, ])repared from 
either of these amides, was obtained in two modifications, m.p. 
161-162° and 148°, thus proving their identity. 
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Whilst these ingenious experiments of Bouveault and Levallois 
provided valuable support for Semmler’s formula, complete con¬ 
firmation was obtained by Ruzicka’s^ synthesis. The first stage 
in the synthesis involved that of l-methylGyclopentan’S-one 
carboxylic acid (XXVII), a substance which had been obtained 
fi:om j8-fencholenic acid (see p. 575). The stages of the synthesis 
are shown in the scheme and do not require comment. 

Since the groups attached to the 1 and 3 carbon atoms in fencholamide are 
different, both cia- and ^ra?i«-modifications should be capable of resolution, 
t Ber, 1917, 60, 1362. 
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From this ketone Ruzicka prepared the dicarboxylic ester 
(XXVlll), but all attempts to convert this into the dicyclic 
ketone were unsuccessful. 
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Since it appeared probable that ring closure was inhibited by 
the presence of the (/em-dimethyl group, the related acid (XXIX) 
was prepared by a similar series of reactions, ethyl bromoacetate 
being used in the first stage of the reaction in the place of ethyl 
bromoi^obutyrate. 

When the lead salt of this acid was distilled the dicyclic ketone, 
l-methylnorcamphor (XXX), b.p. 60-62^/15 mm., semicarbazone^ 
m.p. 210-211°, was readily obtained, and this, on methylation 
with methyl iodide in the presence of sodamide, gave a mixture 
of fenchosaritenone (XXXI) a,nd fenchone (XI). The two ketones 
could be readily separated by taking advantage of the fact that, 
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whereas fenchosantenone reacts very readily with semicarbazide, 
yielding a semicarhazonc, in.p. 208-209'' (oxime, m.p. 98-99°), 
fenchone only reacts with this reagent very slowly. The dl- 
fenchone prepared by this ingenious synthesis was found to be 
identical in all respects with that pre])ared by combining equal 
quantities of rf- and /-fenchones. 
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A more recent synthesis is due to Komppa and Klami,* who 
obtained the ketone, by the reactions outhned in the lower 
part of the scheme, from camphenonic acid (XXXII). Since 


♦ Bet, 1935, 68, 2001. 
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this acid may be obtained by cyclisation of cam])heiiic acid, 
synthesised by Lipp (see p. 299), this also represents a complete 
synthesis of the ketone. 

Fenchone is distinguished from other dioyclic ketones by its 
low boiling-i)oint, and is present in the fraction of oils boiling at 
190-200°. It can be comx^aratively readily freed from impurities 
by gentle warming with nitric acid, since it is only slowly attacked 
by this reagent (see below). A complete se})aration from other 
ketones can be finally effected by treatment with semicarbazide, 
since the formation of fenchone semicarbazone requires several 
days. It can be identified by the pre})aration of the oxime, the 
optically active form of which melts at 164-165°. The optically 
active semicarbazoiits melt at 182-1811° and the dl-iorm at 
172-173°. 

Fenchone is an oil possessing an odour reminiscent of that of 
camphor. It crystallises readily when cooled and melts at 5-6°,^ 
b.p. 192-J93\ a)f 1*4635, La]?> +66*9\ -64°. Its 

ultra-violet absorption spectrum has been examined by 
Henderson, Henderson and Heilbron and has been found to be 
practically identical with that of acetone; the absorption spec¬ 
trum of tlie vapour resembles that of camphor.* The Raman 
spectrum has been recorded by Dulou** and by Jatkar and 
Padmanabhan." 

The catalytic hydrogenation of d-fenchone has been shown 
to yield /-fenchyl alcohol (XXXIII), though under vigorous 
conditions fenchane results. By reduction of the ketone with 
hydriodic acid and red phosphorus at 210-215°, Wallach’^’^ ob¬ 
tained a saturated hydrocarbon, but its constitution was 


/CH3 

BjjO-Cll-C< 

Ah r'"' 
H.CV-4-1-L 

in, 

(XT) 



* WaUach, Antudm, 1891, 263, 131. + Ber. 1914, 47, 881. 

* Purvis, J.C.S. 1923,123, 2616. 

» BuU. Inst. Pin, 1934, p. 214. II Ind. J. Phya. 1936,10, 66. 

5 Ipatiev, Ber. 1912, 46, 3208; Schmidt and Schulz, SchimmeVs Report, 1936, 
p. 97; Huokol, Kindler and Wolowski, Ber. 1944, 77, 220. 

** Anruden, 1896, 284, 326. 
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not determined. With sodium and alcohol as the reducing agent 
fenchyl alcohol (XXXIII) is obtained.’^ As was to be anticipated 
from analogy with camphor and other ketones, the alcohol is a 
mixture of two stereoisomerides (see p. 553). 

Fenchopinacone, C 20 H 34 O 2 , was prepared by Wallach and 
Wienhaus^ by heating fenchone with sodium in the absence of 
air. The d- and /-forms melt at 97°, [a]^^ 4 - 45°, — 44-78° (in ethyl 
acetate), the dl- at 104-105°. 

Fenchone is slowly oxidised by air in the presence of sunlight* 
with evolution of carbon monoxide and formation of a glycol, 
C 10 H 18 O 2 , in.]). 138-139°, diphenylurethane, m.p. 206°. The con¬ 
stitution of this glycol has not been determined. On oxidation 
with chromic acid, f/-fenchone behaves in a similar manner to 
camphor,® yielding a rfiie/o/ie, b.p. 108°/10*5 mm., [ajj) 4-75*78° 
(in benzene), monophenylhydrazone, m.p. 149-150°, monosemi- 
carhazone, m.p. 222-223°, which is probably represented by 
(XXXIV); if this is so, it should be identical with a diketone, 
m.p. 36° {di-semicarbazone, m.p. 243°), obtained by Reinartz and 
Zanke" by the oxidation of the mixture of hydroxyfenchones 
isolated from the urine of dogs fed on fenchone. 
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Fenchone is not attacked by a cold solution of potassium 
permanganate, but when warmed with this reagent it is slowly 
oxidised, yielding a mixture of dimethylmalonic, oxalic and 
acetic acids.^ 

By the action of dilute nitric acid {d 1*075) under pressure at 
120-130° Konovalov obtained a mixture of secondary and 
tertiary nitrofenchones which have since been studied in greater 

* Wallach, Annden, 1891, 263, 143; Bertram and Helle, J. pr» Chem. 1900 [U], 
61, 294; Gardner and Oockbum, J.C.S, 1898, 73, 276; Schmidt and Schulz, loc, cit 

+ Anrialen, 1909, 869, 68. 

♦ Ciamician and Silber, Ber, 1910, 48, 1346. 

8 Brodt, J. pr. Chem, 1923 [ii], 106, 338. » Ber. 1936, 60, 2269. 

5 Annalen, 1891, 263, 134. J. Russ. Phys, Chem. 8oc. 1903, 85, 953. 
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detail by Nametkin and his collaborators.’' HOC.^NitrofencJione, 
m.p. 88^, [a] 2 ) —42*88°, yielding a bromide, m,p. 53°, is probably 
represented by (XXXV), since it gives on treatment with tin 
and hydrochloric acid the ketonic acid (XXXVI), m.p. 79-80°, 
semicarbazone, m.p. 188°. iert,-Nitrofenrhone, which must have 
formula (XXXVJl), yields on reduction a diketone, b.]). 126*5- 
127°/] 1 mm., fa]|j — , disemicarbazone,\\\,\). 220\dioxmie, 

m.p. 123-124°, which may be either (XXXVIll) or (XXXIX), 
of which the latter is considered the more probable, since on 
reduction it gives a glycol (XL), b.p. 151-152°/] 1 mm., which is 
readily converted into an oxide. 
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When fenchone is warmed on the water bath with concen¬ 
trated nitric acid it is slowly oxidised, although, as Gardner and 
Cockburn^ showed, even after six days 50 per cent, of the ketone 

* Nametkin and Chochrjakova, J. Ruaa, Phya, Chem. Soc. 1922,64,163; Nametkin, 
Lnbovcova and Chochrjakova, ibid, p. 169; Nametkin, J,pr, Cham, 1922 [ii], 108, 
29. 

t J,C,8. 1898, 73, 708. 
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can be recovered. As mentioned on p. 563 the products of 
the oxidation are i^ocaraphoronic, aa-dimethyltricarballylic, di- 
methylmalonic and iaohutyno acids. 

At the ordinary temperature fenchone reacts with the halogens 
to give crystalline addition com])ounds, which, although stable 
in the absence of moisture, readily pass into the parent ketone on 
treatment with alkali.’^ (V.erny^ found, however, that a bromo- 
fenchone, b.p. 131-1347iH mm., 1*348, 1*5101, 

+ ] 1*()°, could be prepared ))y beating d-fenchone with bromine 
at 100''. This product is probably a mixture;'*' according to 
Semmler and Bartelt® it contains 6-bromofenchone (XLI), since 
by the action of alcoholic potassium hydioxide it is converted 
into y-fencholenic acid, b.p. 145-146710 mm., [a]/)+52*30°. 
This acid Semmler and Bartelt consider to be the cyr/obutane 
acid (XLII), since on ozonolysis it gives a ketoiiic acid (XLlll), 
b.p. 1S5-187 /10 mill., seinicarbazone, m.p. 192°. No direct 
evidence of the presence in these acids of the cycZo butane or 
ci/c/obutanone ring structure is available and their constitution 
cannot be regarded as estabhshed. y-Fencholenic acid is very 
unstable and on standing slowly changes into oL-fencholenic acid 
(XLIV) (see j). 574), the amide of which is formed when the 
ammonium salt of y-fencholcnic acid is heated under pressure at 
180°. The isomerisation of y-fencholenic acid to a-fencholenic 
acid resembles that of infracamjiholenic acid, which also has an 
exocyclic ethylenic linkage, to isolauronolic acid (compare 
p. 437). 

If fenclione is treated with bromine in the presence of phos- 
phorus pentabromide, then, in addition to substitution, replace¬ 
ment of the oxygen atoms in the carbonyl group occurs with the 
formation ofairi6romo/eacfe30ie, b.p. 181-183°/18 mm. Assuming 
no molecular rearrangement to have occurred, this probably has 
formula (XLV). 

Fenchone is not attacked by the halogen acids, whilst on 
treatment with phosphorus pentachloride Gardner and Cock- 
burn " showed that a compHcated reaction took place yielding a 

* Wallach, Aiinalen, 1890, 259, 326; 1891, 263, 132; 1895, 284, 342; compare 
Briusova, J. Gen. Ckem. Euse. 1940.10, 1462. 

+ Ber. 1900, 33, 2291; compare Balbiano, Gazzetta, 1900, 30, n, 382. 

♦ Briusova, Uk. cit. 8 Ber. 1907, 40, 1432. 

II J.C.S. 1897, 71, 1151; 1898, 73, 704. 
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mixtiire of products which, according to Komppa and Hassel- 
strom* oontdixm fenchone dichloride, b.p. 1()5~107°/11 mm., and 
a chlorofenchene, m.p. 46-46°. When the ketone is heated with 
phosphorus pentoxide m-cymene is formed,^ whilst by the action 
of concentrated sulphuric acid at 80° Marsh* obtained 3*4- 
dimethylacetophenone. 
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d'Fenchomhydrazom (XLVl), m.p. 56-57°, b.p. 230-231°, was 
shown by Kishner* to give femhant (XLVri) when distilled with 
potassium hydroxide, the same hydrocarbon being obtained 
by the action of sodium ethoxide at 140°." On oxidation witli 
mercuric oxide in the presence of alkali it yields d-cyclo/ciic/zcwe 
(XLVIII).’ 
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* Aniidden, 1933, 502. 272. 

+ WaUach, Anmlen, 1893, 276, 157; 1895, 284, 324. 

» J,C.S. 1899, 76, 1058; compare Zaugg, J, Ameu (\S, 1945, 67, 1861. 
» J. Russ. Phys. Chem, Soc. 1911, 43, 582. 

" Wolff, Anmlen, 1912, 394, 96. 5 G.P. 353933. 
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Fenchoneoxime (XLIX) (p. 575) was first prepared by Wallach,* 
the d- and Z-forms melting at 164-165°, [ajj, ±47° (in alcohol) 
and the dl- at 158-160°. Del6pine^ has prepared a second oxime, 
d-fenchone-P-oximejm.p. 123°, fa]j^ +129*3°. This oxime is labile, 
and on warming to 170-180°, or even by the evaporation of its 
alcoholic solution, it passes into the ordinary oxime, m.p. 164- 
165°. Fenchoneoxime is insoluble in alkalis and, like camphor- 
oxime, it cannot be reconverted into the parent ketone by acid 
hydrolysis. When it is warmed with dilute mineral acids it yields 
a mixture of two nitriles, which were first prepared by WaUach 
and carefully studied by him,* but their actual separation was 
first effected by Cockburn.® 

If fenchoneoxime is warmed with dilute sulphuric acid an oil 
is obtained which, although it boils within com])aratively narrow 
limits, 214-219°, is a mixture of two nitriles which cannot be 
separated by fractional distillation. Separation can, however, 
bo effected by taking advantage of the fact that one of the nitriles, 
p-fencholenonitrile (L), is readily hydrolysed by alcohohe potas¬ 
sium hydroxide to the corresponding acid, j8-/enc^oZemc acid (LI), 
whilst the other nitrile, a-fencholenonitrile (LII) or (Llla), is 
more stable and yields a crystalline amide (LllI) or (Lllla), 
m.p. 113-114°, from which the acid, cn-fencholenic acid (LIV) 
or (LIVa), can be obtained by prolonged hydrolysis with 
alkali. 

The position of the ethylenic linkage in a-fencholenic acid, 
b.p. 136-138°/12 mm., 1*0069, [a]^ -±30*73°, has not been 
determined, but it is generally assumed to have either formula 
(LIV) or (LIVa). It would appear to behave abnormally on 
oxidation with ozone, since Semmler and Bartelt" showed that 
it gave an oil which did not contain a carbonyl group. On cata¬ 
lytic hydrogenation it yields the saturated acid, dihydro-cn- 
fencholenic acid (LV), whilst, when dissolved in cold concentrated 
sulphuric acid, the lactone (LVI), m.p. 77-1 S°, is formed, which 
yields on reduction the glycol (LVII), m.p. 58-60°. 

* Annalen, 1801, 263 , 136; 1893, 272 , 104; 1901, 816 , 278; oompare Rimini, 
Oazzetla, 1896, 26 , n, 602; Cookburn, J.C.S. 1899, 76 , 503. 

t Compt. rend. 1924,178, 1721. 

* Annalen., 1890, 269 , 329; 1892, 260 , 332; 1901, 316 , 278; 1911, 379 , 182. 

« J.C.S. 1899, 76, 501. 

II Ber. 1907, 40 , 432. 
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Although the constitution of a-fencholenic acid remains 
uncertain, that of the jS-ocid (LI), m.p. 72-73'^, [aj^^ +19-64° (in 
alcohol), amide, m.p. 86-5-87-5°, has been definitely established, 
since, on ozonolysis, it gives l-methylcyclopentan^S^one carboxylic 
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acid (LVIII),^ which has been synthesised by Ruzicka (compare 
p. 567). On catalytic .hydrogenation it yields fencholic acid 
(LIX), identical with the acid prepared by the fusion of fenchone 


with alkali (p. 565). 
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The action of nitrous acid on d-fenchoneoxime has been 
investigated by Rimini^ and by Tiemann and Mahla,* who have 
shown that a mixture of pernitrosofenchone, 
fenchoneiminCj CjoHjgiNH, is obtained. The former, m.p. 66-67'^, 
is converted by cold alcoholic ammonia into impernitrosofenchone, 
m.p. 88°, whilst with cold concentrated sulphuric acid it gives 
the so-called imcamphor, which Wallach* has shown, as was 
suggested by Rimini, to be l-methyl-B-isopropyl-A^-cyctohexen- 
6 -one (LX), since on oxidation with potassium permanganate it 
gives a-/6‘opropylglutaric acid (LXT). Pernitrosofcnchoiie, on 
heating to 150-160°, gives a mixture of a- and ^-fencholenonitriles 
(L), and (Lll) or (LIIa).» 



d-Fenchoneimine (LXTT), which is readily separable from 
pernitrosofenchone owing to the sparing solubihty of its nitrate, 
is an oil, b.p. 82°/15 mm., [a]y^ 4- 76*3°. When air is led through 
the imine at 105° for 36 to 48 hours ring fission occurs (compare 

* Semmkr and Bartelt, Ber, 1907, 40, 432. 

+ Gazzetta, 1890, 26, n, 506. * Ber. 1896, 29. 2818. 

» AnmAen, 1911, 379, 217. » Gandini, Qazzetta, 1942, 72, 232. 
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camphorimine, p. 442), a mixture of nitriles of dihydro-a- 
fencholenic acid (LXIII), b.p. 98-104‘"/23 inm., and hydroxy- 
dihydi'o-a-fencholenic acid (LXIV), b.p. 154^/23 mm., being 
obtained. The former gives on liycholysis dihydro-a-fencliolenic 
acid, identical with the acid prepared by Wallach’^ by the cata¬ 
lytic hydrogenation of a-fencholenic acid (p. 574). Hydrolysis 
of the hydroxynitrile gives a hydroxij acid, ni.p. 113-114\ from 
which a lactone, m.p. 72°, can be ])re})ared. This lactone, if not 
identical with, must be a stereoisomeride of that prepared by 
Semmler and Hartelt^ from a-fencholenic acid by the action of 
concentrated sulphuric acid (compare p. 574). 
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By the reduction of rf-fenchoneoxime with sodium and alcohol 
Wallach* prepared l-fenchylamim, b.p. 195°, [aj^^ — 24*89°, the 
enantiomorph being obtained from i-fenchoneoxime. This amino 
can be prepared also by heating together a mixture of fenclione, 
ammonium formate, and formamide.* It has an odour resembling 
that of piperidine and, as usually prepared, is a mixture of the 
stereoisonieric a- and /3-forms. The c^^-fenchylamine, so obtained, 
has b.p. 190-191°, r/^jf 0*8971, 1*4711 {benzoyl derivative, 

m.p. 131-133°). lluclvcl, Kindler and Wolow^ski" have found that 
a mixture of approximately equal amounts of a- and /8-fenchyl- 
amines is obtained by hydrogenation of fenchoneoxime over 
Raney nickel, yeparation of the components was carried out 
through the crystalline formyl and benzoyl derivatives, and gave 
oL-fenchylamine (formyl derivative, m.p. 115°, [a]yj“ —64^ in 
alcohol; acetyl, m.p. 99°, [a]/®'* —60°; benzoyl, m.p. 91°, 

— 26°) and p-fenchylamine (formyl derivative, m.p. 124°, 

-1-60°; acetyl, m.p. 159°, 4-62°; benzoyl, m.p. 164°, 

* Annalen, 1911, 379, 182. + Ber. 1906, 39, 2853; 1907, 40, 438. 

t Anvalen, 1891, 263, 140; 1892, 269, 358; 1893, 272, 105; 276, 318. 

* Ingersoll, Brown, Kiin, Beauchamp and Jennings, J. Anier. C.S. 1936,68, 1810. 

II Ber, 1944, 77, 220. 
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+43°). With nitrous acid i-fenchylamine reacts in a some¬ 
what complicated manner, yielding a mixture of cineole, d- 
limonene, dipentene, a- and j3-fenchyl alcohols, and i-a-fenchene, 
the d-amine behaving in a similar manner.’^ 

Since fenchone does not contain a —CHg^group adjacent to 
the carbonyl group it does not form a sodium derivative, but it 
was observed by Wallaoh ^ that, when carbon dioxide was passed 
into an ethereal solution of the ketone containing sodium wire, 
an interesting reaction took place with the formation of two 
isomeric hydroxy-acids, a- and ^-Jenchocarboxylic acids. These 
two acids are probably cis- and ^m7i,9-modification8 of the acid 
having the formula (LXV), since on oxidation with potassium 
permanganate the parent ketone is formed. 


HoO- 


-CR- 




XCH, 


HO 


-CO -CO 



\ 

CU.CH3 

(LXVII) 


/CH 3 

II2C-OR-Cy 

I I HJR* 


CH- 




I XJO.H 

CHj 


(LXV) 



a-Fenchocarboxylic acid, which is known in both the d- and U 
modifications, melts at 141-142°, [a]^; ± 11*28°, dl-, m.p. 91-92°, 
and it can be distilled without decomposition under diminished 
pressure, but at the ordinary pressure decomposes with loss of 
water and formation of anhydrofenchocarboxylic acidy m.p. 175°. 
This acid is probably the cycZofenchenecarboxylic acid (LXVI). 
In addition to this acid a yellow diketone, carbofenchononcy m.p. 
96°, is formed, which can, however, be obtained in a better yield 
by the distillation of the lead salt of a-fenchocarboxyhc acid. 
This ketone, which possibly has formula (LXVII), gives an 
oximCy m.p. 108°, and a dioxime, m.p. 198-199°. There can be no 
doubt that the carbonyl groups are in the 1:2-position, since it 
yields a quinoxaline derivative, m.p. 121-122°. A further study 
of the properties of this diketone would be of interest. 

* WaUach. Annateriy 1908, 362, 177; Huckel and Wolowski, Chem. Ber. 1947, 
80,39. 

t Annahn, 1890, 259, 326; 1895, 284, 327; 1898, 300, 294* 1901, 815, 276. 
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jS-Fenchocarboxylic acid, of which only the dextrorotatory 
form is known, melts at 76-77'" and is much less stable than the 
a-acid; it passes very readily into the anhydro-acid. it is of 
interest that this acid can be prepared by digestion of carbo- 
fenchoiione with alkali and it can be converted into the dikotone 
by distillation of its lead salt. 
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(LXVIll) 


—CH-C 

1 

(J_ 
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(XI) 
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II,C C CH, 
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--CH-CH 
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H/’-C-CO 
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HaC.i; CH, 

I 

-(^H-CH, 



(LXX) 
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C^H, 


H-C- 


^CH, 
l^/OH 
^\Ci( 


I '^CiCH 

CH, 

(LXXIV) 


The action of methyl magnesium iodide on dt-fenchone was 
first investigated by Zelinski* and later by Wallach and Wien- 
haus.^ The reaction proceeds normally with the formation of 
♦ Ber, 1901, 84, 2883. + AnncUen, 1907, 868, 219. 
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a- (or teii).-) methylfenchyl alcohol (LXVIII), m.p. 61®, b.p. 215- 
216®, {ol\d +1*7® (in ether). On dehydration with potassium 
hydrogen sulphate, methylfenchyl alcohol yields a mixture of 
hydrocarbons, which Ruzieka has shown to consist essentially 
of l^methyl-oL-fenchene (LXIX) and a-methylcamphene (LXXI), 
since on ozonisation camphor (LXX) and fenchone (XI) are 
formed. In addition, the tricyclic hydrocarbon (LXXIII) is 
present."^ The same mixtm*e of hydrocarbons is also obtained 
by the dehydration of ffr^-mcthylborneol (LXXll).^ 

On condensation with acetylene, in the presence of sodium, 
fenchone gives the acetylenic carbinol (LXXIV), b.p. 89®/12 mm.* 
Tardy^ has pre})ared a number of additive compounds of 
fenchone with various ])henols and also with chloral. 


180FENGU0NE 


H^C-CH- 


oc 


^CH 


in. 


-cu. 


3 

3 


/-/.^JoFonchone was first described by Bertram and Helle," who 
obtained it by the oxidation of /-it^ofenchyl alcohol with chromic 
acid mixture, the dextrorotatory isorneride being prepared some 
years later by Wallach’ by the oxidation of rf-i^ofcnchyl alcohol. 

The formula, now known to represent correctly the constitution 
of i^ofcnchonc, was originally suggested by Sernmler*'*' and was 
based on the following considerations. i^roFeiichyl alcohol, from 
which i^ofenchone is obtained, results from the hydration of 
a-fenchene (1). Addition of water to this hydi’oearbon, with 
the accompanying Wagner rearrangement, can proceed in two 


* Bred! and Savelsberg, J, pr. Chew. 1918 [iij, 98, 97; compare Bredt-Saveli^erg 
and Buehkremer, Ber. 1931, 64, 600. 

t Compare Nametkin and BriissofF, Annalen, 1927, 469, 144. The dehydration of 
tert.-methylepibomeol to give 4-methyl-a-foncheue has been reported by Nyman 
and Kuvaja, Annalen, 1939, 538, 68. 

* Kupe and Kuenzy, Helv. Chim. Acta, 1931, 14, 708; compare Dulou, Bull. 
Imt. Pin, 1934, pp. 164, 178, 197; Hurd and Christ, J. Amer. C.8. 1937, 69, 118. 

B Bull. Soc. chim. 1902 [iii], 27, 605. H J. pr. Chem^ 1900 [u], 61, 303. 

5 AnnoAen, 1907, 867, 66; 1908, 868, 4. Die Atheriechen Ok, 1906, m, 649. 
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directions to yield the alcohols (II) and (III).* If Semmler’s 
formula^ for fenchone (V) (p. 664) was correct, then (II) corre¬ 
sponded to fenckyl alcohol and (III) must represent isofcnchyl 
alcohol, from which it followed that i«ofenchone was (IV). 


H.c-CH-CH, 


H,C 


H,C 




CH, 

CH, 


/ 


/ 


CH, 

I 

H,C-C--CHOH 

I 

CH, 


( 11 ) 


U,('-CH-C 

I I 
I CHj 

hJ'-C-( 

CH, 

(V) 


CH, 

CH, 


(I) 


:CH, 


\ 


\ 


H.C-Cll - 

I 

CH, 


HOHC- 


CH, 

/ 

Mil, 


CH, 


CH, 

(III) 


1 


-C< 

I 

CH* 

00-0-OH, 

CH 3 

(IV) 


The investigations of Walladi, Asclian and their collaborators, 
which must now be considered, have shown Seminler’s formula 
to be correct. Wallach * found that, when w^fenchone was oxidised 
with ])otas 8 ium permanganate in alkaline solution, a dibasic acid, 
isofenchocamphoric acid, C 10 HJ 6 O 4 , was obtained, whilst by fusion 
with potassium hydroxide at 220-240° Wallach and Homberger* 
jirepared a monobasic acid, imjencholir acidy . Accepting 

Semmler’s formula for i^'ofenchone, these reactions can be formu¬ 
lated in accordance with the following scheme, when i 6 *ofeiicho- 
camphoric acid will be (VI) and i. 9 ofencholic acid (VII) or (VIII). 

• It should be noted that a tiueWagnai rearrangement can lead only to the 
alcohol (II). The laomer (III) may, however, be derived fiom (II) through the 
intermediate formation of cycfofenohene (compare p. 538). 

t Chem.-ZIg. 1906, 29, 1913. 

» Annalfn, 1908, 882, 191; 868, 6. 

• Ibid. 1909, 869, 97. 
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Aschan^ studied the properties of i^fofenchoeamphoric acid in 
very great detail. The acid prepared by Wallach was found to be 
the rit^-modification, since it readily gave an anhydride and it 
could be converted into the ^m^-forin by heating with acetic- 
hydrochloric acid at 180° for some hours. The following constants 
have been observed for the cis- and tra^is-eicidB, 


m.p. 

cis-d- and Z-acids 158-159° 

cis-dl-acid 174-175° 

cis-d' and /-anhydrides 98° 

f?fi-d/-anhydride 95-96° 

trans-d- and /-acids 149-150-5° 

trans-dU&cid 173-174° 


[oc]/^ 

-f 14-58°, -14-54° 
±* 0 ° 
±13-45° 

± 0 ° 

+ 4*16°, -419° 

± 0 ° 


On bromination, cis-di-isofenchocamphoric acid gave only a 
monobromo-acid, cis-dV(x.-brmn<)isofenchocamphoric acid (IX), 
obtained in two stereoisomeric modifications, m.p. 208-210° and 
160-162°, which indicated that i^ofenchocamphoric acid had 
only one hydrogen atom in the a-position to a carboxyl group. 
By treatment of ci^-dJ-a-bromoi^ofenehocamphoric acid with 
alkali, an unsaturated acid, dehydroimfeTwhocamphonc acid (X), 
m.p. 190-191°, and a hydroxy acid, ci^-dl-a-hydroxyimfenclio- 
camphoric acid (XI), m.p. 185-186°, were obtained. The latter 
was shown to contain a hydroxyl group in the a-position to a 
carboxyl group, since by oxidation with lead peroxide it was 
* Annakn, 1912, 887, 1; compare Sandelin, ibid. 1913, 396, 285. 
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H.C/| 


-CH.CO.H 


CH, 
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!-CO 

! 
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H,a 

V-CBr.CO,ll 

H,C/| I 
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H,C-C.CO,H 
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KOH 


KOH 


(IX) 



-i.COjH 


PbO, 


(XII) 


>C-C'(OH).CO,H >J.OO,H 

H,C^ I H,c/| 

CH, -► (;H, 

I KOH I I 

H,C-C.COjH H,(^-O.COjH 

iu, i^H, 

(XI) (XIII) 


converted into a ketonic acid, inofenclfocamphononic acid (XII), 
m.p. 68-70'^, semicarbazone, m.p. 216-217°. Its constitution was 
conclusively established by fusion with potassium hydroxide, 
when it gave cLOLyy-ietramethylghilaric acid (XIII) and formic acid. 
The structure of ?^?o-fcnchocamphononic acid (XII) has been 
confirmed by synthesis,’^ and more recently this acid has 
been converted into isofenchocamphoric acid by the route 
outlined below 


H,C 


\c-- CO 

y I I 


HsjC-O.CO2H 

(XII) 


H 3 C'' 




-C(OH).ro2H 


W\ 


CH, 


POC!!, 




'>a--c.cN 
I 

CH 


-C.CO 2 H pyridine \\.,C -C.CO,H 


CH* 


iiH, 


X-—CCO,H 
;C-(i.COjH 

ilH, 

(X) 


H, 



* Bardban and Ganguly, J.C,S, 1936, p. 1852; Hanganathan, J. Ind. O.S, 1937, 
14, 264. 

+ Swaminathan, Mukherji and Bardhan, J.C.S» 1949, p. 192. An alternative 
synthesis of t^ofenchocamphorie acid is also described in this paper. 
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The reactions of dehydroi^ofenchocamphoric acid (X), the 
synthesis of which is^ included in the above scheme, have 
been studied in some detail by Toivonen.^ The acid, d' and h 
forms, m.p. 170-171°, dh, m.p. 190-191°, does not yield an 
anhydride, but its constitution is proved by its oxidation with 
potassium })ermanganate to oLh-diketo-pp'dimethylhexoic acid 
(XIV), which, by the action of hydrogen peroxide, gave mesitonic 
acid (XV). 


HA luc. 

>0-C.COjH V 

li HA I 

CH KMnO^ 

II^C-(ll.COjH 


).COJi 




H«C 


^C.COaH 


H„0„ 


(X) 


HgC-CO 

ki, 

(XIV) 


HjC-CO 

in. 

(XV) 


The synthesis of (iZ-wofenchone has recently been reported 
by Mukherji and Bardhan.^ The ethyl ester of wfencho- 
camphononic acid was condensed with cyanoacetic ester and 
the product, after reduction, was hydrolysed to the saturated 
homoi^ofenchocamphoric acid; the latter, on cyclisation by 
pyrolysis in the presence of barium hydroxide, gavre isofenchone 
(IV). The reactions are outlined below: 
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CH, — 

H,C-C.COjsCA 

CH, 

-CH.CH(0N).C02C,H5 

IjHo -► 


HaC. 

>C-C:C(CN).C02C2H, 
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CH. CH,. CO,H -CH-CH, 
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CHo —> I CHo 
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J.CO^H 


In, 


H.C- 


-CO 


(IV) 


CH, 


isoFenchone can be characterised either by the preparation of 
the semicarbazone, cZ- and Z-, m.p. 221-222°, cZ/-, m.p. 223-224°,* 

* Annalen, 1919, 419, 176. t J,c,8, 1949, p. 197. 

* Wallach and Vivck, Annalenf 1908, 362, 194. 



CH. VI AND THEIR DERIVATIVES 585 

the oxime, d- and m.p. 82°, dl-, m.p. 133°, or the hydrazone, 
m.p. 111-112°* 

Z“f5oFenchone is an oil with an odour resembling that of 
camphor; when cooled to a low temperature it solidifies to an 
amorphous solid. It has b.]). 193-194°, 0*949, vff 1*4619, 

oc|?“ -9*3°. 

When ?5ofenchone is hydrogenated, or reduced with sodium 
and alcohol, it yields a stereoisomerie mixture of uofenchyl 
alcohols (see p. 558). 

The oxidation of isofenohone with potassium permanganate 
has already been considered above. With selenium dioxide, the 
ketone gives hofenchone quinone (XVT), rfZ-, m p. 49-50°, m.p. 
69-70°, [a];^ — 12*8°,+ whicji on further oxidation gives i^ofeneho- 
camjihoric acid. Reduction of the /-quinone with zinc and acetic 
acid gives two isomeric 1iydroxyimfe7iclioti€fi, (i) m.p. 114-115°, 
[a]^ —31*2°, (ii) m.p. 50-53°, fa]/) -1-32*4°, which are presumably 
stereoisomerides of formula (XVII), since both, on further 
reduction vith sodium amalgam, give A.-e'pnmfenchone (XVTII), 
b.p. 194-196°, [ol\i) -i-13*6° (semicarbazone, m.p. 219-220°). 
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isoFenchone reacts with bromine to give a bromomofenchone, 
d- and /-, m.p. 56-57°, | — 16*4° (in alcohol), dl-, m.p. 46-47°,^ 

which is ])robably represented by (XIX). With phosphorus 
pentachloride, the ketone gives a chlorofenchenc, b.]). 84 87°, 
which is jirobably a mixture of isomerides.® 

S-Hydroxymethylenehofenchone (XX), m.p. 103 104° (benzoyl 
derivative, m.p. 81-82°), has been obtained by Rushentzeva and 


* Komppa and HaHselstiom, Annalen, 1932, 496, 164. 

+ Alder, Stem and Rickert, ih%d. 1936, 525, 221; Ruahent/eva and J)el<*kt()nkaja, 
Compt, rend, Acad, Sci, U,E,S,S. 1940, 29, 41. 

* Wallaeh and Vivck, Annalen, 1908, 362, 195. 

* Komppa and Haaselstrdm, ibid. 1933, 502, 272. 
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Kedrova* by the action of sodium and amyl formate on the 
ketone. Similarly, l-^-rmthyli&ofeThchone (XXI), b.p. 81°/12 mm., 
—19® (semicarbazone, m.p. 218®, oxime, m.p. 94-96®)'has 
been prepared by reaction of the ketone with sodium and methyl 
iodide.^ 
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CHj 


On treatment with carbon dioxide, in the presence of sodium, 
i^ofenchone gives imfenchone-^-carboxylic acid (XXII), m.p. 
87-88®, dl‘, m.p. 114®.* Electrolytic reduction of the dJ-acid gives 
dl-imfenchol-^^carboxylic acid (XXIII), m.p. 135-137®, converted 
on dehydration into h-fenchene-Z-carboxylic acid (XXIV), m.p. 
139-140® [anhydride, m.p. 133-135®), the acid chloride of which, 
on treatment with hydrazine and sodium azide, followed by 
acid hydrolysis, yields dl-epiiso/ewrAone (XVTII), b.p. 195-198° 
(oxime, m.j). 64-65®). On hydrogenation, the acid (XXIV) gives 
d\-fe7ic}iane-Z~carboxylic acid (XXV), m.p. 103®. 
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♦ Compi. rend. Acctd. Sci. U.R.HiS.S. 1940, 29, 95; compare Nyman and Alfthan, 
Finska Kemistsamfundet FeatsJcrift-Juhlajtilkaisu, 1891-1941, 1944, p. 291. 

+ Toivonen and Johansson, Suomen Kern. 1942,16, Nos. a-lO, B 8. 

♦ Nametkin and Bushentzeva, J. pr. Chem. 1923 [ii], 106, 39; J. Oen. Chem. 
Russ. 1937, 7, 1343; Nyman, Annalen, 1039, 687, 131. 
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By the action of methyl magnesium iodide on i.sofenchone, 
Komppa* has prepared 2-methylisofenchyl alcohol (XXVI), m.p. 
50-51®, b.p. 82®/10 mm. This alcohol on dehydration with potas¬ 
sium hydrogen sulphate gives a mixture of hydrocarbons, which 
contains 1 -methyl-y-fenchene (2-methyl-h~fenchene) (XXVII), 
b.p. 154-156® {nitrosochloride, m.p. 121°), and also l-methyl-p' 
fenchene (XXVIII), b.p. 163-164°. 

It is interesting to note that, unlike ier^-methylborneol and 
ierf.-methylfenchyl alcohol (compare p. 580), this alcohol 
apparently docs not imdergo the Wagner rearrangement/ on 
dehydration. 
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* Annalen, 1929, 472, 179; Komppa and Nyman, ibid. 1930, 523, 87. 
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Abie^ Sibirica, oil from, 280 

2 -Aoetoxyapocamphanealdehyde, 312 
4-Acetylborneol, 
a>-Aoetylcamphene, 321 
3-Aoetylcamphor, 456, 402 

3 - AcotyIcyc^opentanecarboxy 1 ic acid, 

243, 244 

Allylborneol, 447 

3- Aminobomeol, 414 
tert.-Aminoisohomyiane, 529 
<o-Amino»>ocamphano, 312 
a-Amirioeamphene, 314 
I'Aminooamphene, 313 
3>Aminocamphonanic acid, 490, 509 
a'-Aminocamphor, 414 
<>r>Aminocarnphor, see I)ihydro-/3-cam- 

pholenoiminolactone 

4- Aminocamphor, 433, 524 
a'*Aminocamphoroxime, 414 
Aminodihydro-a-campholytic acid, 491, 

603 

2-Amuioepicamphor, 520 
/pri.-Amino-^-fenohano, 531 
Aininonopinone, acetyl derivatiw of, 
184 

Aminopinene, 204 
a>-Aminotricyclene, 335 
A ndropogon Jwarancusa Jones, oil from, 
73 

Anhydrofenohocarboxylic acid, 578 
Anilomethylenecamphor, 459 
Apobomeol, see a-Fenchocamphorol 
7r-Apobomeol-7-carboxylic acid, 269, 
357 

Apobornyl chloride, 246, 370, 542 
Apobornylene, 331, 370, 542 
Apooamphenecarbinol, 270 
Apooamphenecarboxylio acid, 269 
TT-Apocamphor-TT-oarboxylic acid (see 
also isoKetopinic acid), 267 
Apocamphorio acid, 301, 331, 341, 390, 
628, 549, 562 

— acid, synthesis of, 301 

539 

Apooamphoric anhydride, 302 
Apooyclene, 246, 331, 332, 370, 372, 542 
Apofenohene, 566 

— nitrosochloride, 665 
Apoisofeuohene, 542 


Apofenchocamphoric acid, 279,332,544, 
647 

— acid, synthesis of, 

645 

Apofenchyl chloride, 666 
Aposantenol, 264 
Aposantenono, 264 
Artemisia absinthiurn L., oil from, 33 
Artemisia iridentata, oil from, 373 
“Artificial camphor”, 170, 280, 340 
Asarum Sieboldi var. seoulensis Nakai, 

oil from, 86 

Balbiano’s acid, 380 
a>-Benzoylbomeol, 321 
a>- Benzoylcamphene, 322 
a-Benzoylcamphor, 467, 463-6 
co-Bonzoylcnmphor, 321 
O- Benzoylcamphor-3-carboxylic acid, 

methyl ester, 463 
Bonzylcamphor, 464 
Benzylidenccampholic acid, 458 
a-Bcnzylidenecamphor, 467, 464 
a-Benzylidenecamphoroxime, 457 
Benzylidene-euoarvone, 88, 94 
Benzylidenesantenone ,261 
Benzylidenethujono, 61 
Blumea balsamifera, oil from, 349, 373 
Bomoene, 281, 351 
Borneocamphene, 281 
Bomoocamphor, 349, 373 
Borneol, 166, 199, 203, 328, 349 

— , action of halogen acids on, 363 

— , action of halogens on, 363 

— , action of potassium hydroxide 

on, 364 

— , bornoxyaoetate, 360 

— , 2-chlorooymene-5-sulphonate, 

320 

— , constitution of, 353-5 

— , dehydration of, 363 

— , 3:5-dinitrobenzoate, 368 

— , distinction from isobomeol and 

camphene, 359 

— , p-nitrobenzoate, 359, 366 

— , oxidation of, 360-3, 466 

— , physical properties of, 369 

— , picrate, 190, 203 
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Borneol, purification of, 360 

— , reduction of, 275, 360 

— , separation from t^oborneol, 

353, 364 

, stereochemistry of, 365, 362 

— , synthesis of, 358 

— , tautomerism with i«oborneol 

and camphene hydrate, 355 

—■ , p-toluenosulphonate, 364 

— , urethanes, 364 
woBorneol {see also Bomeol), 366, 391 

— , derivatives of, see Borneol 

— , oxidation of, 366 

— , physical constants of, 366 

— , reduction of, 354, 366 
TT-Borneol, see Dihydrotoresantalol 
w-Bornool, 432 

Bome()l-3-carboxylic acid, 324, 451, 521 
Borneol*4«carboxylio acid, 344, 447, 524 
Borneol-TT-sulphonic acid, 423 
Borncol-a>-8ulphonic acid, 420 
Bornoxyacetic acid, 360 
Bornylamine, 435, 441 
weoBornylamine, 435, 441 
«^foBornylane, 528, 541, 551 

-- , action of nitric acid on, 

529 

Boriiyl bromide, 169, 172, 349 
i^oBornyl bromide, 3011, 349 
Boriiyl chloride, 156, 272, 281, 340 

chloride, action of magnesium 
on, 326, 343 

— chloride, action of nitric acid on, 

302, 341 

— - chloride, conversion into cain- 

phene and woborncol, 342 

— chloride, equilibrium with iso- 

bornvl chloride and cjamphene 
hydrochloride, 171, 319, 323, 
347 

chloride, oxidation of, 341, 381 

— chloride, reduction of, 342 
iaoBornyl chloride, 307, 340 

— chloride, conversion into cain- 

pheno and isoborneol, 347 

— chloride, equilibrium with 

bomyl chloride and cam- 
phone hydrochloride, 171, 
319, 323, 347 

— chloride, reduction of, 347 
Bornyl dibromide, 168, 333 
Bornyl diohloride, 167, 272 
Bornyldimethylamine, 325 
Bornyl disulphide, 365 
Bomylene, 285, 322, 518 

— , action of chlorine on, 328 

— , action of hydrogen halides 

on, 329 


Bornylene, action of hypochlorous acid 
on, 330 

— chlorohydrin, 309, 330 

— , constitution of, 326 

— , hydration of, 330, 513 

— hydrohalides, 329 

— nitrosite, 327 

, oxidation of, 326, 327, 328 

— , physical constants of, 327 

— , reduction of, 273, 274, 327 
iso Bornylene, see isoTricyolene 
^-Bornylene, see isoTricycleno 
Bomylene-2-carboxylic acid, 343, 521 
Bornvlene-3-carboxvlic acid, 324, 451 

460 

— acid, conversion 

into epioam- 
phor, 514, 621 

Bornylene-O-carboxylic acid, 344 

Bornylene-3-isocyanate, 515 

Bornylene-2-hydroxamio acid, 521 

Bornylone-3-hydroxamic acid, 615, 521 

Bornylenol, 314 

Bornylgluooside, 365 

Bornyl iodide, 172, 272, 286, 323, 349 

isoBornyl iodide, 309, 349 

ISO Bornyl methyl ether, 367 

isoBomylol, 529 

isoBornylone, 531 

Bornyltrimethylammonium iodide, 325 
Boswellia Carieriiy oil from, 214 
Boswellia serrata Koxb., oil from, 10 
a'- Bromo-a-benzylcamphor, 456 

2- Bromocamphane-3-carboxylio acid, 
325 

3- Bromooamphane-3-carboxylic acid, 
514 

co-Bromocamphene, 287, 305, 321 
6 -Bromocamphone, 337 
Bromocarnphenic acid, 299 
Bromocamphonilanio acid, 298 
a-BromocarnphoIenic acid, 408 
Bromocaiupholic acid, 444 
a-Bromocampholide, 406 
Bromocamphoiianic acid, 609 
a-Bromocamphor, 400, 407, 448, 462, 
466 

— , mutarotation of, 403 
a'-Bromocamphor, 403 

IT-Bromocamphor, 405, 409 

— , conversion into w-hy- 

droxycamphor, 430 
oi-Bromocamphor, 387, 404, 407 

— , action of ammonia 

on, 418 

5*Bromooamphor, 417 
Qi-Bromocamphor-a'’-oarboxylio acid, 
401, 449 
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Bromocamplioremo add, 406 
|5-Bromocamphoric add, 390 
Tr-Bromocamphoho acid, 409, 497 
a>-Bromocamphorio add, 390, 497 
4-Bromocamphoric acid, 496 
a-Bromocamphoric anhydride, 495, 609 
TT-Bromocainphoric anhydride, 499 
TT-Bromocaniphoroxime, 406 
cu-Bromocamphoroxime, 404 
oj-Bromocamphorquinoue, 404 
a-Bromocamphor-TT-sulplionamide, 424 
w-Bromocamphor-a-sulphonamide, 404 
(o-Bromocamphor-a-flulphonio acid, 404 
a-Bromocamphor-TT-sulphonio acid, 402, 
424 

a-Bromocamphor-w-sulphonic acid, 422 
a-Bromocamphor-ir-Hulphonyl bromide, 
408 

a- lh'oinocamphor<co-sulphonyl bromide, 
407 

oi-Bromocamphor-a-sulphonyl chloride, 
404 

TT- Bromocamphor-TT-sulphoxidc, 267,423 
TT-Bromocamphoryloxime, 413 
co-Bromocamphoryloxime, 413 
a- Bromo-a'-oyanocamphor, 465 
i.soBromodihydro-j8-camphylic acid, 500, 
501 

a-Bromodihydrowolauronolic acid, 607 
/S"Bromodihydrowolauronolic acid, 607 
2-Broinoepicamphor, 619 
2- Bromoepioainphor-2-carboxylic acid, 
610, 620 

a-Brumowofenchocamphoric acid, 682 
Bromofenchone, 672 
i^romoi«ofenchone, 586 
a-Bromo-a'-formylcaraphor, 460 
Bromot^olauronolio acid, i^oDibromo* 
dihydro-^-camphylic acid 
8-Bromo-m-menthane, 63 
a'-Bromo-a-methyloamphor, 466 
2-Bromo-2-nitrooamphano, 313, 387,436 
a-Bromo-a'-nitrocamphor, 401,404,406, 
410 

a'Bromo-a-nitrocamphor, 402 
TT-Bromo-a'-nitrocamphor, 410, 413 
w-Bromo-a'-nitrooamphor, 413 
2-Bromopinano, 104 
Bromopinic add, 115, 161 
Bromotetrahydrooumic acid, 193 
2-Bromo>l: 1; 2-trimethylcyc?opentane- 
5-carboxylic acid, 504 

Camphanamide, 482 
Camphane, 272, 327, 338 

— , action of chlorine on, 274 

—> , nitro-derivativea of, 274,328 


iaoCamphane, 275, 338, 391 

— , nitro-derivatives of, 278 

— , oxidation of, 277 
Camphane*2>aldehyde, 343 
Camphane-2-carbinol, 344 
Camphane-2-oarboxylic acid, 343, 520 
Camphane-3-carboxylic acid, 325, 451, 

513 

i«oCamphane-l-carboxylic acid, 344 
i«oCamphane-4-carboxylic acid, 346 
Camphanic acid, 380, 496, 609 

— acid, methyl ester, 496 
TT-Camphanic acid, 498 

a>-Camphanic acid, 497 
Camphenanic acid, 294, 297, 328 
isoOamphenanic acid, 294, 328 
Camphene, 106, 280, 363, 366, 435 

— , action of acetyl chloride on, 

321 

, action of benzoyl chloride on, 

321 

— , action of ethyl diazoacetate 

on, 287 

— , action of halogen acids on, 

307 

— , action of halogens on, 303 

— , action of hydrazoic acid on, 

322 

~ , action of hypoclilorous acid 

on, 309 

— , action of nitric acid on, 300, 

310 

— , actioti of trioxymethylene 

on, 320 

— chlorohydrin, 309 

— , constitution of, 282-9 

— , conversion into woborneol, 

169, 316, 366 

— , direct conversion of pinene 

into, 136, 290 

— , formation from woborneol, 

156, 158, 290 

— glycol, 283, 297 

— hydrate, 308, 315, 317 

— hydrate, dehydration of, 318 

— hydrate, tautomerism of, 319, 

320 

— , hydration of, 316, 319, 363, 

365 

— hydrobromide, 309 

— hydrochloride, 308 

— hydrochloride, equilibrium 

with bomyl and iaobomyl 
chlorides, 171,319,323,347 

— methyl ether, 319 

— nitrate, 310 

— nitronitrosite, 311, 313 

— nitrosite, 277, 311, 312 
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Camphene, oxidation of, 283, 293-303 

— oxide, 293 

— , physical constants of, 289 

— , racemisation of, 290-2 

— , reduction of, 275, 270, 293 

— sclenide, 303 

— , synthesis of, 289 
Campliene-oamphoric acid, see Cam- 

phenic acid 

Camphene-a>-carboxylio acid, 307, 320 
Camphene-1-carboxylic acid, 344, 523 

— acid, amide, 442 
Camphene-4-carboxylic acid, 346 

— acid, amide, 442 
Oamphone-7-carboxylic acid, 452 
Camphonehydrato - 4 - carboxylo - n - eul- 

pholactone, 346 

Camphenehydrato-TT-sulpholactone, 317 
Camphenic acid, 284, 296, 299, 442 
Camphonilanaldehydo, 277, 293, 297, 
312, 32H, 335 

— , eiiol-acetate of, 

295, 368 

isoCamphenilanaldehyde, 294, 309 
Camphenilanaldoximo, 312 
Camphenilane, 278 

— , nitro-derivatheh ot, 279 

Camphenilanic acid, 277, 294 
i^oCamphonilanic acid, 277, 294 
Camphenilanol, 295 
Camphenilone, 245 

Oamphenilic nitrite, see w-Nitrocara- 
phene 

Gamphenilol, 248, 294 

— , dehydration of, 246, 370 

— , derivatives of, 369 

— , stereoisomers of, 3()9 
i^oCaraphenilol, 245 

Oamphenilono, 279, 284, 293, 297, 300, 
303, 367 

— , action of methyl mag¬ 

nesium iodide on, 289, 
317, 318 

— , action of phosphorus 

pentachloride on, 331 

— , action of sodamide on, 

566 

— diohloride, 371 

— hydrazone, 278, 332, 372 

— , oxidation of, 371 

— oxime, 371 

— , physical properties of, 369 

— , pinaoone from, 370 

— , reduotion of, 369 

— semicarbazone, 369 

— , synthesis of, 367 
isoCamphenilone, 245 
Oampheniloneoarboxylic acid, 344 


Camphenilylamine, 370 
Camphenilylcarbinol, 276 
Camphenilyl chloride, 245, 370 
Camphenone, see jS-Pericyolocamphanon© 
a-Caraphenone, 315 
Camphenonic acid, 300, 568 
Camphenylic acid, 284, 288, 297, 298 
Campherol, 429 
Oamphidine, 492 
a-Camphidone, 492 
jS-Camphidone, 492 
Camphmene, 314 
Camphoceenic acid, 372 
MoCamphodiene, 314 
Camphogene, 28(' 

Cam})hol, 350 

Campholactoiie, see Laurolactonc 
a-Campholactone, 383 
Campholaldehyde, 444 
Campholanic acid, 439, 444 

— acid, amide, 444 

— acid, identity of, with 

<lihydro - a - campholenic 
acid and isocampholic 
acid, 444 

Campholcarbinol, 444 
a-(’ampholenaldehydo, 142, 392 
a-Campholenamide, 438 
C^mpholene, 439, 440 
a-Campholenic acid, 119, 120, 388, 408, 
420,438 

— acid, reduction of, 444 
/3-Campholenic acid, 437, 439 
j8-Campholenaniide, 418, 437, 439 
cyc/oCampholenic acid, 417 
a-Campholenonitnle, 438 
j8-Campholenonitrile, 439 
Campliolic acid, 364, 367, 443 

— acid, amide, 443 
««oOampholic acid, see Campholanic acid 
a-Campholide, 378, 392, 444, 480, 402 
jS-Campholide, 471, 484 
a-Campholonic acid, 120, 438 
a-Campholytic acid, 486, 501, 502 

— acid, dibromide, 605 

— acid, hydrobromide, 604, 

605, 507 

— acid, isomerisation into 

i^olauronolic acid» 505 
)3-Campholytic acid, see i>oLauronolic 
acid 

i«oCampholytic acid, ^ee tdoLauronolio 
acid 

a-Camphol}rtolaotone, 494, 503, 504 
Oamphonanio acid, 484 
j3-»soCamphons, 278 
Camphonenio acid, 496, 509 
Camphonic acid, 466 
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Oamphonio acid, somicarbazone, 406 
Camphonolactone, 483, 509 
Camphonolonic acid, 483 
Camphononic acid, 381, 481, 486 
— acid, synthesis of, 483 
Camphor, 373 

— , action of bromine on, 400 

— , action of dehydrating agents 

on, 394 

— , action of Grignard reagent on, 

446 

— , action of phosphorus penta- 

chloride on, 433 

— , action of sodium aoetylide on, 

447 

— , alkyl derivatives of, 456 

— azine, 446 

— , constitution of, 374 

— ‘‘ cyanohydrin ”, 441 

— a-diohloride, see a-Dichloro- 

camphane 

— ^-dichloride, see |3-i)ichloro- 

oamphane 

— 2; 4-dinitrophonylhydrazone, 

384 

— enol, ethyl ether, 447 

— , formation by oxidation of 

camphene, 296 

-- , formation from hydroxy* 

camphene, 313 

— glycol {see also 2:3-Dihydroxy- 

camphane), 467 

— , halogen derivatives of, 395 

— hydrazone, 273, 334, 446 

— , hydroxymethylone derivative, 

see Hydroxymethylenecam- 
phor 

— , nterconversion into epioam- 

phor, 521 

— , interoonversion of enantio- 

morphs, 522 

— , manufacture from pinene, 386 

— menthydrazone, 385 

— , nitro-derivatives of, 410 

— , nomenclature of substitution 

products of, 386 

— , oxidation of, 391-4, 466 

— phenylsemicarbazone, 384 

— , physical constants of, 384,385 

— , pinaoone from, 391 

— , reactions involving the a- 

carbon atom in, 447 

— , reactions of carbonyl group 

in, 433 

— , reduction of, 350, 365, 391 

— , resolution of, 385 

— semicarbazone, 383 

— , sodium derivative of, 448 


Camphor, stereochemistry of, 384 

— , structure of the ‘j3’ substitu* 

tion products, 387 

— , sulphonation of, mechanism 

of, 425 

— , synthesis of, 383 
iaoCamphor, 441, 576 
•JT-Camphor, see Dihydroteresantalal 
ft>-Camphor, 432 
a*Camphoramic acid, 489 
jS-Camphoramio acid, 490 
Camphoranil, 446 

(yamphor-3-carboxylio acid, 324, 402, 
405, 410, 449- 
454, 521 

— acid, methyl 

ester, 452 

— acid, nitrile, see 

a-Cyanocam- 

phor 

Camphor-4-carboxylic acid, 523, 524 

— acid, amide, 432 
Camphordiazoamino benzene, 416 
Camphor-3-dithiocarboxylic acid, 465 
Camphorenic acid, 406 

Camphoric acid, 286, 326, 341, 478 

acid, action of fused alkali 
on, 493 

— acid, action of sulphuric acid 

on, 499 

acid, a- and j3-amides, 489, 
490 

— acid, constitution of, 377 

— acid, degradation products 

of, 502 

— acid, diamide, 488 

— acid, dinitrile, 489 

— acid, isomeric esters of, 485 

— acid, monoethyl ester, 448 

— acid, monomethyl esters, 

482, 484, 485 

— acid, oxidation of, 380, 493 

— acid, reduction of, 492 

— acid, dec.-semialdehyde, 428 

— acid, -semialdehyde, 428, 

471 

— acid, stereoisomers of, 479 

— acid, synthesis of, 382 
ti^oCamphoric acid, 479 

Camphoric acid-7r-sulphonio acid, 425, 
499 

— acid-w-sulphonyl bromide, 

499 

— aoid-TT-sulphonyl chloride, 

499 

Camphoric anhydride, 480 

— anhydride, action of alu¬ 

minium chloride on, 494 
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Camphoric anhydride^ action of hy- 
droxylamine on, 412 
— dialdehyde, 467 
Camphorimide, 490, 492, 520 
Cainphorimine, 441 
a-Camphornitrilic acid, 474, 488, 490 
j3-Camphomitrilic acid, 491 
a-Camphorriitrilic-j3-amido, 489 
Camphorone, 493 
Camphoroiiic acid, 379, 393, 483 

— acid, synthesis of, 393 
iVX^amphoronic acid, 119,121, 122, 125, 

277, 389, 393, 563 
ci/r/ot«oCamphoronic acid, 417 
Caraphoroxime, 383, 402, 434 

, action of hypobromite 
on, 313 

— , action of nitrous acid 

on, 441 

— , Beckmann transforma¬ 

tion of, 437 

— , oxidation of, 436 

Cam])horquinoiie, 391, 411, 414, 

466 

— , action of ammonia 

and aminos on, 470, 
477 

, action of l)romine on, 
468 

, action of diazome¬ 

thane on, 470 

— , action of Grignard 

reagent on, 469 

— , action of hydrogen 

cyanide on, 469 

— , action of sulphuric 

acid on, 469 

— dioximes, 402, 477 

— - hydrazonc, 416 

— monoxime, see itro - 

so<‘amphor and iso- 
Nitrosoepicam phor 
oximes, N- and O- 
derivatives of, 474, 
475 

— oximes, stereochemistry 

of, 472-7 

— , reduction of, 467 
i^foCamphorquinone, 469 
Camphor-TT-sulphonamide, 422 
Camphor-cu-sulphonamides, 420 
Camphor-oi-suJphonanilide, 422 
CamphoTsulphonic acids, 410 

— acids, mechanism of 

formation of, 425 
Camphor-“j8’*-sulphonic acid, see Cara- 
phor-ctf-sulphonio acid 
Camphor-TT-sulphonic acid, 422 
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Camphor-7r-sulphoni(* acid, reduction of, 
423 

Camphor-oi-sulphonic acid, 419 

— acid, amine salts 

of, 421 

— acid, oxime, 419 
a(*id, reduction of, 

420 

— acid, structure of, 

389 

Camphor-TT-sulphonyl bromide, 405 

— chloride, 400, 422 
Ckmphor-cu-sulphon^d chloride, 420 
Camphor-TT-thiol, 423 
Camphorylacetoacetio ester, 488 
Camphorylazoinndc, 415 
CamphoryJearbamide, 414 
Camphoryl-0-carbamide, 414 
Camphoryli‘arbinol, 459 
C’amphorylidenepropionic acid, 461 
Camphorylmalonic ester, 488 
(^amphoryloximc, 412 
Camphoryl-0-8emica rbazidc, 415 
Camphotri car boxy lie acid, 498 
Camphylaminc, 436 

a-Camphylic acid, 500 
/5-Camphyli(‘ acid, 500 
Camphylisoxazole, see a-CyaTioc‘ani]>hor 
(^arane, 61, 69, 83 

— , action of bromine on, 63 

— , action of halogen acids on, 63 

— , physical constants of, (i2 

— , reduction of, 63 

— , synthesis of, 62 
Carboeamphenilone, 288 
Carbofenchonone, 288, 578 

— , oxime, 578 

— , quinoxaline deriva¬ 

tive, 578 

Carboxyapocamphoric acirl, 277,301,390 
y-Carboxylocamphenehydratolact one, 
325 

Carene glycols, 69 

— oxides, 70 

A®-Garene, 64 

— , action of bromine on, 72 
, constitution of, 65 

— , dehydrogenation of, 69 
nitrosate, 69, 72 
nitrosochloride, 72 

— , oxidation of, 65, 68 -71 

— , physical constants of, 69 
, reduction of, 62, 69 

A*-(’areiie, 78 

— , action of hydrogen chloride 

on, 76 

, action of maleic anhydride 
on, 76 
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A*-Carene, colour reaction of, 76 

— , constitution of, 73 

— from piperitenone hydrazone, 

75 

— , oxidation of, 73, 76 

— , physical constants of, 75 

— , synthesis of, 75 
A®-Carene-5: 6*epoxide, 95 

— , constitution of, 

95 

— , conversion into 

dichloro- and 
dibromo-men- 
thones, 98 

— , formation of 

geranio acid 
from, 96 

— , isomerisation of, 

98 

— , oxidation of, 95 

— , physical con¬ 

stants of, 97 

— , reduction of, 95 

Carol, 81 

— , methyl xanthato of, 75 
Carone, 77 

— , action of ammonium hydrogen 

Bulj)hide on, 84 

— , action of hydrogen bromide on, 

81 

•— , action of sulphuric acid on, 81 

— , bisnitroso-derivative, 84 

— , constitution of, 77 

— cyanohydrin, 85 

— hydrazone, 61, 83 

— , isomerisation to carvenone, 79, 

81 

— , oxidation of, 78 

— oxime, 81 

— , physical constants of, 79 

— , reduction of, 79 

— somiearbazone, 79, 82 

— thiosemicarbazone, 82 
Caronic acids, 65, 70, 74, 78 
Carvenone, 79, 81, 83 
Carvomenthol, 35, 80 

Carvone hydrobromide, action of alkali 
on, 86 

‘Carvopinone’, 183, 185, 240 
Carvotanacetone, 35 
Carvoxime hydrochloride, 181 
Carylamine, 81 

Chamaecyparis formoaensis Matsum, oil 
from, 210 

3- ChlorO‘2-aminocamphan6, 414 
iV^-Chloroaminocamphor, 416 

4- Chloroisobomeol, 522 
?-Chloroi«obomeol, 309 


4-Chloroi5obornyl bromide, 304, 523 

— chloride, see j3-Di- 

chlorocamphane 
Chlorobromocamphane, 303 
a-Chloro-a'-bromocamphor, 397 
a'-Chloro-a-bromocamphor, 397 
a-Chloro-TT-bromocamphor, 424 
TT-Chloro-a-bromocamphor, 425 

2- Chlorocamphane, see Bomyl and iso- 
bornyl chlorides 

3- Chlorocamphane, 329 
?-Chlorocamphane, 330 
2-rhlorocaraphane-4-carboxylamide, 

442 

2-Chloroeamphane-2-carboxylio acid, 
344 

2-Chlorocamphane-4-carboxylio acid, 

346 

2-Chlorocamphan-8-ol, 270 
a-Chlorocamphene, 303, 522 
j8-Ohlorocamphene, 304, 339 
to-Chlorocampheno, 303 
l-Chlorocamphene, see a-Chlorocam- 
phene 

4- Chlorocamphene, sec )3-Chlorocam- 
phene 

a-Chlorocamphenilone, 303 
jS-Chlorocamphenilone, 304 
a-Chlorocamphor, 396 

— , mutarotation of, 397 
a'-Chlorocaraphor, 397 
TT-Chlorocamphor, 400, 423 
cu-Chlorocamphor, 399 
4-Chlorocamphor, 523, 524 
a-Chlorocamphor-a'-carboxylic acid, 

396, 449 

a-Chlorocamphorio acid, methyl ester, 
496 

— acid, phenyl ester, 

496 

a-Chlorocamphorio anhydride, 495 
TT-Chlorocamphorio anhydride, 499 
a-Ohlorocamphor-TT-sulphonic acid, 424 
a-Chlorocamphor-a>-sulphonic acid, 422 
ir-Chlorocamphor-TT-sulphonic acid, 423 
a-Chlorocamphor-TT-sulphonyl bromide, 
424 

a-Chlorocamphor-TT-sulphonyl chloride, 
400, 424 

w-Chlorocamphor-TT-sulphoxide, 423 
o>-Chlorocamphor-a>-8ulphoxide, 389 
a-Chloro-a-oyanocamphor, 455 
a-Chloro-a'a>-dibromocamphor, 399 
Chlorodihydrodimethylpinylamine, 190 
6-Chloroepioamphor, 518 
?-Chloroepicamphor, 328 
Chlorofenchene, 573, 585 
Chloromethylenecamphor, 460 
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2-Chloro-2-nitrocamphane, 436 
a-Chloro-a'-nitrocamphor, 399, 410 
a'-Chloro-a-nitrocamphor, 399 
2-Chloropmane, 104 
T-Chloropinane, 104, 198, 212 
co-Chlorotricyclene, 336 

4- Chlorotricyclene, 304, 338 
Chrysanthemum sinense^ oil from, 373 
Cinnarnomum camphora Nees, oil from, 

373 

Cumic acid, 193, 204 

5- Cyanocamphonanic acid, see a-Cam- 
phornitrilic acid 

a-Cyanocamphor, 377, 454, 465 
Cyanocarone, 85 

Cyanodihydro-a-carnpholy1iic acid, see 
j3-Camphornitrilic acid 
Cyolene, see Tricyclone 
tsoCyclenone, see /S- Pcriryciocamphanone 
Cyanomarathrum nullalii, oil from, 192 

Dacrydium Franklini Hook, oil from, 73 
Darwinia grandiflora, oil from, 210 
Hehydrocamphenic acid, 125, 299 
N - Oehydrocamphidines, 322 
Dehydrocamphoric acid, 490 

— acid, methyl ester, 

496 

lifo Dehydrocamphoric acid, 496 
Dehydrowofenchocamphoric acid, 582, 

584 

— acid, oxid¬ 

ation of, 
584 

— acid, syn¬ 

thesis of, 
584 

Dehydrohomocamphoric acid, 378, 482 
Dehydrosantenic acid, 255 
2-Deuterocamphane, 274 
1 :3-l)iacetylcyciopcntane, 243, 250 

— , properties of, 

244 

2: S-Diaminocainphane, 477 
Diazocamphor, 416 
Dibornyl, 343 
Dibornylamine, 436 
Dibornyl ether, 363 

2 :6-Dibroraocamphane, Boniyl di¬ 
bromide 

2:10-Dibromocamphane (?), 306 
Dibromocampholide, 405 
aa'-T>ibromocamphor, 381, 401,405, 448 
aTT-Dibromocamphor, 405, 408, 425 
ot'tr-Dibromocamphor, 409 
<ttt)-Dibromooamphor, 401, 404,407, 439 
a'ce-Dibromooamphor, 404, 407 


aa'-Dibromocamphor-TT-sulpholactone, 

425 

a'a>-Dibromocamphor-a-siilphonamide, 

404 

aa'-1 )ibromocamphor-7r-8ulphonic acid, 
425 

1:8-Dibromocarvoraenthone, 82 
taoDibromodihv<lro-j9-caraphyli(» acid, 
501 

Dibromodihydroumbellulone, 59 
1:8- Dibromomenthone, 95 * 

— , conversion into 

piperitone, 95 
aTT-Dibromo-a'-nitrocamphor, 409, 413 
aa>-Dil)romo-a''-nitrocamphor, 404, 407, 
412, 414 

Dicamphoryl peroxide, 493 
a-Dichlorooamphane, 303, 322, 433, 522 
jS-Dichlorocamphane, 304, 338, 433 
2:2-Dichlorocamphane, see a-Diehloro- 
eamphane 

2:3-Dichlorocamphane, 274, 326, 328 
2:4*Dichlorocamphane, see j3-Dichloro- 
camphane 

2:6-l)ichlorocamphane, see Bornyl di- 
chloridc 

2:10-Dichlorocamphano, 336 
aa'-Dichlorocamphor, 399 
aTT-Dichlorocamphor, 400, 421 
1 :8-Dichlorocarvomentlione, 84 
Dichloro-p-menthanediols, 202 
1:2-Dichloro-p-menthane-6: 8*diol, 173 
2:8-Dichloro-/)-menthanc*l :6-diol, 176 
2 :3- Didonterocamphane, 274 
j3-Difonchcne, 551 
Difencholylurea, 565, 566 
Dihydrocamphene, see i.9oCamphane 
j8-Dihydrocamphoceenic acid, 371 
Dihydro-a-campholenic acid, see 0am- 
pholanic acid 

Dihydro-j3-cainpholenoiminolactono, 

418, 437 

Dihydro-j3-campholenolactone, 437, 439, 
440 

Dihydro-a-campholonoiiitrile, 443 
Dihydro-a-campholytic acid, 501 
Dihydrocarvone hydro bromide, conver¬ 
sion into carone, 77 
— hydrobromido, forma¬ 

tion from carone, 81 
Dihydrocumic acids, 193 
a-Dihydroeucarvool, 87, 91 

— , action of phos¬ 

phorus pentachlo- 
lide on, 93 

a-Dihydroeuoarvone, 87, 91 
/5-Dihydroeuoarvone, 91 
j3-Dihydroeuoarvoxime, 91 
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a-l>ihydroeucarvylamine, 94 
Dihydro-a-fencholenic acid, 674, 577 

— acid, nitrile, 577 

Dihydro-j3*fencholenic acid («ee (dso 
Foncholic acid), 574 

Dihydrolaiirolenic acid, see Laurolanic 
acid 

DihydroMolauronolic acid, 601, 507, 608 
Dihydromyrtenal, 200, 212, 224, 231 
Dihydromyrtenic acid, 226 
J)ihydromyrtenol, 210, 212 

— , CIS- and irans- forms 

of, 212 

Dihydromyrtcny 1 niethy Icarbin ol ,201 
Dihydrosabinol, 31 
Dihydrotcresantalal, 271, 432 
l)ihydrott*rcsantalic acid, 267 
l)ihydro/.wteresanialic acid, 270 
Dihydroteresantalol, 271, 431 
jS'Dihydroumbcllulol, 64, 67 
a-J)ihydroumbelluloiic, 59 
j8-Dihydroiirabcllulono, 66, 57 
Dihydroverbencne, 219 
Dihydroverbenol, ^35 
2:3-J)ihydroxycamphane {see also Cam¬ 
phor glycol), 330 

2:5-Dihydroxycamphane, 361, 430 
2:6-Dihydroxyoamphane, 337 
I)ihy<iroxy-/5-campholcnic acid, 440 
Dihydroxydihydro-a-campholenic acid, 
438 

Dihydroxydihydro-a-cuinpholytic acid, 
604 

Dihydroxydihydrolaurolonio acid, 510 
aS-Dihydroxy.a-methyl-S-iwpropyl- 
adipio aci(l, 21 
aa'-Di-iodocamphor, 409 
6:6-J)ikotoborneol, see 6-Hydroxy cam- 
phorquinone 

p-l)iketocamphane, 273, 361, 394, 429, 
516, 524 

2;8-r)ikctocamphane, see Camphorqui- 
none 

2:6-Diketocaraphanc, see ji-Diketocam- 
phano 

2:6-Diketocamphane, 337, 362, 394, 438 
a8-l>iketo-)3)3-dimethylhexoic acid, 684 
Dimercuricamphor di-iodide, 409 
jSjS-Bimethyladipic acid, 92 
1: l-Dimethylcyrlobutane-2:4-dicarb- 
oxylic acid, see Norpinic acid 
Dimethylcampholamide, 457 
JDimethylcampholide, 602 
aa'-Dimethyloamphor, 457 
aa-Dimethylglutaoonic acid, 499 
aa-Bimethylglutario acid, 440 
ac-Dimothyl-A^-heptenoic acid, 490 
1:3-Djmethylc^ck)hexane, 492 


1; l-Dimethyl-A®-c2/ck)hexen-2-one-4- 
carboxylic acid, see woTjaiiromc acid 
1:3-Dimethyl-1 -hydroxyryc/ohexanc-4- 
carboxylic acid, 494 
Dimethylnorcarnjiholide, 286 
jSjS-Dimcthylpimelic acid, 88 
1:1 -Dimethylcyck>propane-2:3-dicarb- 
oxylic acid, see (^arouic acid 
aa-Dimethylpropanc-a/38-tricarboxylic 
acid, 468 

1:2-Dimethyl-3-/.9opropylr,yrk»pentane, 
6, 8, 10, 13, 20, 46, 5() 

2:3- Dimcth vl-4-j>opropvJci/c/opentanol, 
42 ‘ 

2:3-1 )imcthyl-4-/^opropylcy(7openta- 
nonc, 42 

2:3-Dimcthyl'4-?\9oi)ropyl-A‘'-r7/c/o- 
pcntcnol, 31 

2:3- Dimethyl-4-Mopropyl-A^-cyc/o- 
ptmtimonc {see also “laothujon ”), 31 
Dimcthyltricarballylic acid, 119, 122, 
663 

DimyrUmyl, 213 
2:3-Dinitrocamphanc, 328 
tacu-Dinitro-co-chlorocamphor, 389 
toco-1 )initro-2-hydroxycamphane, 312 
Dipenteno dihydrochloride, 65 
Dipentene, formation from a-pincnc, 
112, 133, 134, 136 
Dipentene hydrochloride, 196 
a-Dipinenc, 166 

Dryohalanops aromatira (laertn., oil 
from, 349 


T^ndoborneol, 329, 368 
Endocam phene, 287 
Epibomeol, 328, 430, 517 

— , 3:5-dinitrobenzoate, 358,618 

— , phenyluretbane, 517 

— , synthesis of, 368 
iaoRpiborneol, 518 

— , 3:5-dinitrobenzoate, 518 

— , i)henylurethane, 518 
Epiborncol-2-carboxylic acid, 520 
Epiborneol-3-carboxylic a(‘id, see 3- 

Hydroxycamphano- 3- earboxylic acid 
Epibornyl chloride, see 3-Ohlorocam- 
phane 

Epicamphor, 512, 524 

— , action of Grignard reagent 

on, 521 

— , interconversion into cam¬ 

phor, 521 

— , oxidation of, 466, 618 

— oxime, 617 

— , physical oonstauts of, 617 

— , reduction of, 617 
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£picamphor» Bemioarbazonc, 517 
Epicamplior-2-oarboxylic acid, 520 
Epicamphor-6-oarboxylic acid, 520 
Epiwofenohone, 585, 586 

— , oxime, 586 

— , semioarbazone, 585 
2*Ethoxybomylene, 447 
Ethynylbomyl alcohol, 447 
Eucalyptus globulus^ oil from, 210, 221, 

223, 240, 531 
Eucarvone, 85 

— , action of methyl mag¬ 

nesium iodide on, 94 

— , action of phosphorus penta- 

chloride on, 93 

— , beiizylidene derivative, 88, 

94 

— , colour reaction of, 91 

— , constitution of, 80 

— 2:4-dinitrophenylhydrazone, 

91 

— hydroxylainiiio-oxime, 94 

— , maleic anhydride adduct, 

91 

— , oxidation of, 86 

— , physical constants of, 91 

— , pinacones from, 93 

— , reduction of, 87, 88, 91, 93 

— semicarbazone, 91 
Eucarvoxime, 94 
Euterpene, 93 

False camphor wood oil, 223 
Fenchane, 526, 528 

— , action of nitric acid on, 526 
a-Fenchane, see MoBornylano 
/5-Fenohanc, 530 
Fenchane-3-oarboxylic acid, 580 
Fenchenes, 531 

— , formation from fcnchyl and 

/wfenchyl alcohols, 536 

— , general preparation of, 536 

— , nomenclature of, 534 
a-Fenchene, 530, 535, 538 

— , constitution of, 539 

— , conversion into j5- and y- 

fcnchenes, 541 

— dibromide, 527, 539, 542, 

551 

— hydrate, ^ee Methyl-a-fcn- 

chocamphorol 

— , hydration of, 543, 557, 680 

— hydrochloride, 641 

— , oxidation of, 539, 542 

— , physical constants of, 539 

— , reduction of, 528, 541 

— , synthesis of, 540 

s T ii 


jS-Fenchene, 536, 543 

— dibromide, 544 

hydrate [see also Methyl- 
j3-fenchocamphorol), 545, 
551, 559 

— hydrate, phcnylurethane, 

659, 660 

— , hydration of, 546, 558 

hydrochloride, 646 
nitrosochloride, 544 

, oxidation of, 544, 645 
, physical constants of, 544 
y-Feiichene, 535, 545, 647 

— , adduct with phenylazido, 

548 

, hydration of, 548 

— nitrosate, 648 

— nitrosochloride, 548 
8 -Fenchene, 535, 547, 648 

— , adducts with phcnylazide, 

549 

— nitrosate, 648 

— nitrosochloride, 548 

— , oxidation of, 548 
c-Fenchenc, see 1-Methylsanione 
^-Fenchene, 638, 649 

— hydrochloride, 550 
cycloFencheno, 276, 630, 650, 573 

as intermediate in fenchyl 
—tsofenchyl isomerisa¬ 
tion, 165, 638, 558 
, hydration of, 651, 558 

— hydrochloride, 641, 551 

— , isomerisation of, 661 

— , reduction of, 551 

3-Fenchene-3-carb()xylic acid, 686 
Fcnchenylanaldehyde, 642 
a-Fenchenylanic acid, 541 

— acid, synthesis of, 542 

i«oFenchocainphononic acid, 583 

— acid, semicarba¬ 

zone, 583 

— acid, synthesis 

of, 583 

woFenohocamphoric acid, 627, 647, 648, 
581, 586 

— acid, stereoisomers 

of, 682 

— acid, synthesis of, 

583 

i^oFenchocamphoric anhydride, 582 
a-Fenchooamphorol, 246, 370, 642 
j8-Fenchocamphorol, 246, 332, 370, 645 

— , hydrogen phtha* 

late, 545 

— , phenylurethane, 

545 

j3-»«oFenchocamphorol, 545 
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j8-woFenchocamphorol, hydrogen phtha- 
late,545 

a-Kenohocaniphorone, 24(i, 535, 539,562 

— somicarbazone, 

539 

— , aynthcflis of, 640 
jS-Fenohocamphorone, 240,279,332,635, 

644 

— hydrazonc, 278 

— , synthesis of, 545 
a-Fenchooarboxylic acid, 578 
j8-Fenchocarboxylio acid, 679 
Fencholamide, 664 

— , partial synthesis of, 605, 

566 

woFenchol-S'carboxylic acid, 586 
a-Fencholenio acid, 572, 574 

— acid, amide, 574 
jS-Fencholenic acid, 574 

— acid, amide, 676 
y-Fencholenic acid, 672 
a-Fencholenonitrile, 674 
j3-Fenoholononitrile, 674 
Fencholic acid, 664, 676 
t«oFencholic acid, 681 
Fenohone, 527, 563, 560 

— , action of Grignard reagent on, 

679 

, action of halogens on, 672 

— , action of nitric acid on, 

670 

— , action of phosphorus penta- 

cliloride on, 672 

— , action of sodamide on, 664 

— , action of sodium and carbon 

dioxide on, 578 

— , constitution of, 561 

— , dehydration of, 661 

— dichloride, 573 

— hydrazone, 527, 550, 673 

— , oxidation of, 561, 570 

— oxime, 561, 669, 574 

— oxime, action of nitrous acid 

on, 676 

oxime, action of sulphuric acid 
on, 574 

oxime, reduction of, 577 

— . physical constants of, 669 

, reduction of, 528, 652, 569 

— semicarbazone, 669 

— , stereochemistry of, 385 

— , synthesis of, 666 
itfoFenchone, 527, 659, 680 

— , action of bromine on, 585 

— , action of Grignard reagent 

on, 687 

— , action of phosphorus pen- 

tachloride on, 685 


MoFenchone, action of sodium and 
carbon dioxide on, 586 
— , constitution of, 681 

— hydrazone, 627, 586 

— , oxidation of, 681, 685 

— oxime, 585 

— , physical constants of, 586 

— , reduction of, 685 

— semicarbazone, 684 

— , synthesis of, 584 
iso-Fenchone-3-carboxylic acid, 586 
Fenclioneimine, 576 

— , ring fission of, 576 

liJoFenchonequiiione, 585 
Feuchopinacone, 570 
Fenchosantenone, 567 

— oxime, 568 

— semicarbazone, 668 
Fenchyl alcohol, 156, 199, 203, 662 

— alcohol, conversion into fenchyl 

chloride, 555 

— alcohol, dehydration of, 164, 

246, 263, 636, 539, 547, 548, 
556 

— alcohol, formation of isofenchyl 

alcohol from, 164 

— alcohol, hydrogen phthalates, 

553 

— alcohol, p-nitrobenzoates, 653 

— alcohol, oxidation of, 663, 564 

— alcohol, phenylurethanes, 653 

— alcohol, physical constants of, 

553 

— alcohol, picraie, 190, 203 

— alcohol, reduction of, 629, 664 

— alcohol, stereoisomers of, 653 

— alcohol, p'toluenesulphonate, 

649, 656 

a- and ^-Fenchyl alcohols, see Fenchyl 
alcohol, stereoisomers of 
woFenchyl alcohol, 543, 646, 548, 661, 
567 

alcohol, benzoate, 559 
alcohol, dehydration of, 636, 
643, 559 

alcohol, hydrogen phthalate, 
659 

alcohol, a-naphthylurethane, 
658, 559 

— alcohol, oxidation of, 669, 

680 

— alcohol, phenylurethane,668, 

659 

— alcohol, physical constants 

of, 668 

— alcohol, stereoisomers of, 659 

a- and ^>isoFenohyl alcohols, see iso- 

Fenchyl alcohol, stereoisomers of 
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Fenchylamine, 677 

— , action of nitrous acid on, 

539, 678 

— , iV-aoyl derivatives of 

stereoisomers, 677 
Fcnchyl chloride, 633, 655 

— chloride, action of bases on, 
539, 543, 555 
woPenchyl chloride, 659 

— chloride, action of bases on, 
544, 559 

Fenchylene, 8e4i S-Penohenc 
MoFenchylone, see 8-Fenchene 
tsoFenchyl ethyl ether, 558 
Fennel, oil of, 560 
Ferula galbaniflita, oil from, 191 
Foeniculus vuUjare^ oil from, 560 
TT-Pormyl-Tr-apocarnphor (see also ir- 
Ketocamphor), 431 

Geranic acid, formation from A®* 
carcne-5:6-epoxide, 96 

Hernaiidia peliata Meissn., oil from, 223 
ilcxamercuripentaearaphor di-iodide, 

410 

/i-Homoaminoi.voea m phunes, 296 
llomoapofenchocamphoric acid, syn¬ 
thesis of, 645, 646 
/i-Homocamphonilols, 287, 296 
/?-Homocamphenilones, 287, 295 
Ilomocamphor, 470 

— oxime, 470 

jS-Homocamphor, see Homoopicamphor 
Homocamphoric acid, 377,449,455,461, 
481 

/5-Homocamphoric acid, 514 
Homocamphoronic acid, 381, 406 

— acid, methyl ester, 

483 

Homocamphorquinone, 470, 472 
Homocaronic acid, 68, 96 
Homoepicamphor, 516 
Homowofenchocarnphoric acid, 684 
Homopinene, 214 
Homopinocainphoric acid, 128 
t^oHomopinocamphoric acid, 236 
Homosantenic acid, 258, 263 
Homoterpenylformic acid, 117, 165 
Homoterpenylic acid, 74, 117, 165, 192 
Homoterpenyl methyl ketone, 37, 70, 
116, 149 

Homothujadicarboxylic acid, 16, 61, 66 
Hydrochloroteresantatic acid, 267 
6-Hydroxybomeol, see 2; 6-I)ihydroxy- 
camphane 
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6-Hydroxyborneol, see 2:6-Dihy<lroxy- 
camphane 

1 -Hydroxy-8-bromocarvomonthone, 82 

2- Hydroxycamphane, see Borneol and 
ifioBorneol 

3- Hydroxycamphane, see Epibomeol 

1- Hydroxyisocamphane, 359 

2- Hydroxycamphane-4-carboxylic acid 
{see also Borneol-4-carboxylic acid), 
344 

3- Hydroxy(;amphanc-3-carboxylic acid, 
517 

2-Hydroxycamphaiie-7r-sulplionic acid, 
423 

2- Hydr()xvcamphfme-ft>-Biilphonic acid, 
420 

Hydroxy-TT-camphanic acid, 498 
1-Hydroxycamphenc, 313, 388, 399,425 
6-Hydroxyoaniphcne, 337 

4- Hydroxycamphene-1 -carboxylic acid, 
524 

Hydroxycamj)henic acid, 299 
Hydroxycami)holic acid, 481 
Hydroxy-/i-carripholide, acetate, 484 
Hydroxycamphors, 427 
a-Hydroxycamphor, 428, 429, 524 

— semiear bazone, 428 
“j8-Hydroxy camphor”, see 2-Hydroxy- 

epicamphor 

rr-Hydroxy camphor, 430 

— hydrazone, 270 

— Hcmiicarhazonc, 271, 

430, 431 

a>-Hydroxy camphor, 432 

— semicar bazone, 432 

3- Hydroxycamx)hor, see a-Hydroxy- 
eamphor 

4- Hydroxy camphor, 432, 524 

5- Hydroxycamphor, 417, 429 

— semicarbazone, 429 

6- Hydroxycamphor, acetate of, 363 

3- Hydroxycamphor-3-carboxylic acid, 
427 

5-Hydroxycamphor-6-oarboxylic acid, 
616 

7r-Hydroxy camphoric acid, 498 
oi-Hydroxycamphoric acid, 498 

4- Hydroxycamphorio acid, 496 

5- Hydroxycamphorio acid, 362, 363 

4-Hydroxycamphorolactone, 496 
Hydroxyisocamphoronio acid, lactone, 

119 

6- Hydroxyoamphorquinone, acetate, 
362, 363 

8-Hy(lroxycarvomonthone, 80, 81 
Hydroxycarvomenthone nitrosylio acid, 
84 

8-Hydroxycarvotanacetone, 138, 143 
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4-Hydroxy-3:4-dehydrohoniocamphor, 
see Homocamphorquinone 
Hydroxydihydro - a - cam})holytic acid, 
603, 604 

HydroxydihydrocarvoKime, 186, 188 
Hydroxydihydro-a-fenc'holenic acid, 577 
Hydroxydimethylsuocinic acid, 110, 123 
6-Hydroxyepibompol, see 2:5-Dihy- 
dro xy camphanc 

2- Uydroxyepicaniphor, 428, 470, 524 
O-Uydroxyepicamphor, 361 
Hydroxy-a-fenchenic acid, 535, 530,655, 

562 

Hydroxy-jS-fenchcnic acid, 535, 544 
a-Hydroxyi\wfcnohocamphoric acid, 682 
HydroxylenchoncH, 670 
Hydroxywofenchone, 585 
B ydroxymethylenecainphor, 458-62 

— , action of 

bromine 
on, 401, 
460 

— , action of 

hydroxyl- 
amine on, 
454, 461 

— , oxidation 

of, 460 

— , reduction 

of, 469 

— , structure 

of, 459 

3- Uydroxymothylenei^ofenchone, 585 
Hydroxymethylenesantenonc, 262 
Hydroxymethylenethujone, 35, 51 
Hydroxypinic acid, 115, 151 
Hydroxypinocamphone, 147, 206 

— oxime, 189 

2- Hydroxyverbonone, 237 
Hyssop, oil of, 205, 226 
Hyssopm officinalis^ oil of, 206, 226 

Iminobenzoylcamphor, 466 
a-lminooainphor, 415, 470 
Iminohomocamphor, 472 
Iniracampholcnic acid, 437 
aJodocamphor, 409 
a-Iodo-a-formylcamphor, 409 
‘*Isothujon”,*31, 39-43, 46, 47 
— oxime, 49 
“Isothujylamin”, 48 

Juniperis Sabina L., oil from, 16, 28 

Kaempferia galanga, oil from, 05 

3- Ketobomeol, see 2-Hydroxyepicam- 
phor 


6-Ketoborneol, see 6-Hydroxyepicam- 
phor 

6-Ketobomeol, see 6-Hydroxycamphor 
a-Keto-a-campholenic acid, 439 
TT-Ketocamphor {see also Tr-Formyl-w- 
apocamphor), 268, 431, 432 
co-Ketocamphor, 432 
3-Ketocamphor, see Camphorquinone 

5- Ketocamphor, see p-Diketooamphane 

6- Ketocamphor, see 2:6-Diketocam- 
phane 

woKetocamphoric acid, 119, 121, 127, 
438 

a-Keto?,90carnphoronio acid, 123, 124, 
127 

5- Keto-jS-carboxy-yy-dimethylhexoio 
acid, 604 

2-Ketoepiborneol, see a-Hydroxycam- 
phor 

6- Ketoopibornool, ^ee 6-Hydroxy cam¬ 
phor 

2-Ketoepicamphor, see Camphorquinone 
6-Ketoepicamphor, see j9-I)iketocam- 
phane 

Ketofenohone, 570 
Keto/solauronolic acid, 508 
Ketonopinone, 150 

Ketopinic acid, 300, 301, 312, 341, 389, 
432 

isoKotopinic acid, 267,269,367,423,430 

— acid, hydrazono, 270 

— acid, semicarbazone, 268 
Ketothujane, 7 

y-Keto-aj^i/S-trirnethylvaleric acid, 393 

Laurenone, 610 
Laurolactono, 511 
I^aurolanic acid, 511 
Laurolene, 492, 612 
isoLaurolcnc, 494, 504, 508 
Laurolenic acid, 486, 609 
iaoLauronic acid, 506 
Lauronolic acid, see Laurolenic acid 
isoLauronolic acid, 437, 486, 494, 499, 
605-8 

— acid, action of hydrogen 

bromide on, 505 

— acid, synthesis of, 508 
y-Lauronolic acid, see Camphonenio acid 
tsoLauronolonitriie, 495 

Lavandula dictata, oil from, 561 
Lavandula pedunculatuju, oil from, 373 

m-Menthadiene, 64 
jp-Menthane-l:2;6:8-tetrol, 138, 176 
p-Mentbane-1 1 2- 8-triol, 82 
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A®<*>-m-Menthene, 63 
A^-7)-Menthene-4;6-diol, 32 
A^>j9-Menthene-4:6;7-triol, 28 
A^-o-Monthcn-3-one, 237 
4-Mothoxv'-3:4-dehydrc)homocamphor, 
470 

2- iy-Metliylammocaraphane-a>-8ul- 
phoiiic ac'icJ, 421 

3- MethyIaminocamplior, 470, 474 

2- MethylaiiiinoepicaTnphor, 470 
Methylanilomothylenecamplior, 459 
/f’r/.-Methylbomcol, 446, 580 
Methyl bornylxantliate, 324, 364 
tert. -Metbylepibornool, 580 

3- Meth)- lepiborneol, 560 

Methyl epibornylxanthate, 326, 518 
a-Methylcaniphene, 290, 580 
Methylcampbonilol, 289, 317 

— , dehydration of, 318 
Methyl cain})henilylxanthatc, 331 
Methyloampholenol, 141 
a-Methylcamphor, 453, 456 

3- Mcthylcamphor-3-carboxylic acid, 453 

— acid, 

methyl 

ester, 

453 

a-Methyl-a-cyanocamphor, 455 
a>Methyleiioeamphor, 45() 

1-Mcthyl-a-fcnchoiio, 290, 580 
t-Methyl-a-fenchene, 521, 560 

l-Methyl-jS-fenchene, 587 

1- Mothyl-y-fenchene, 587 

— nitrosochloride, 587 

4- Methyl-y‘feiiohene, 521 

2- Methyl-S-fetichene, see 1-Methyl-y- 
fenchene 

Methyl-a-fenoliocnmphorol, 530, 539, 
540 

— , dehydration 

of, 541 

— , phenylurc- 

thano, 540 

Methyl-j3-fcnchocamphorol {see also j8- 
Fonchene 
hydrate), 
545 

— , dehydration 

of, 545 

3- Methylwofenohone, 586 

— oxime, 586 
semicarbazone, 

586 

teri.-Methylfenchyl aloohol, 290, 680 

2-Methylwofenohyl aloohol, 587 

4- MethyU>ofeaohyl alcohol, 560 
Methyl fenohylxanthate, 539, 556 

— fenohylxanthate, amide, 556 


Methyl isofenchyixanthate, 548, 560 
— i«ofenchylxanthate, amide, 560 
1 -Methyl-A^-cyr/ohexen-S-one, 233 
a-Methylhomocamphoric acid, 454 
Methylmyrtenyl, 214 
Methyhiopinol, 103, 196 
1-Meihylnorcamphor, 507 

3-Methylnorcamphor, 249, 256 
j8-Methylpentane-j3y€-tricarbo>cylic acid, 
97, 468 

1 -MethylrycZopentan-3-one-1 -carboxylic 
acid, 566, 575 

Methyl pinoca mphoneox i me, 190 
Methyl piiiocamphylxanthate, 209 
MethylcyrZopropnne-1 ;2:3 tricarboxylic 
acid, 191 

a-Methyl*a'4«opropyladn)ic acid, 8 
a-Mothyl-j8-?.sopr(>pylgliilaric acid, 41 
1 -Methyl -3- isopropyl-A^ -cyciohexen -6- 
one, see isoCamphor 
l-Methyl-3-/.9opropyUdencc?/r/o]>entan- 
2-onc, see (yatnphorone 
l-Methylsantene, 263 
scr.-4-Mcthy 1 santcnol, 264 
<cri.-l-Mcthylsantenyl alcohol, 263 
Methyl thujylxanthates, 11, 15, 27 
Methyl verbanyLxrinthate, 217 
Mnrraya Koeniyii Spreng, oil from, 16 
Myrtanal, see 1 Mhydromyrtenal 
Myrtanol, see Dihydromyrtonol 
MyrtxMial, 140, 185, 199, 223 

— 2:4-dinitr(>pheiiy]hydrazone, 

226 

— , oxidation of, 226 

— oxime, 224, 226 

- ]>henylHemicarbazono, 226 
, j>liysical constants of, 224 
, reduction of, 224 

— semicarbazone, 226 
Myrtenic acid, 224, 226 
Myrtenol, 140, 185, 199, 210 

— , constitution of, 211 

— , esters of, 214 

, halides derived from, 213 
, hydrogen phthalate, 210, 212 

— , oxidation of, 211, 212 

— , physical constants of, 212 
, reduction of, 212 

— , urethanes, 212 
Myrtenyl bromide, 213 

— chloride, 210 

— ethyl ether, 210 
Myrtle oil, 210 

Myrlus communis L., oil from, 210 

Nametkin isomerisation, 162, 290, 304, 
426, 522 

“Ngai-camphor”, 349 
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«er.-Nitrot>obopnylane, 631 
tert.-Nitrowobomylane, 529 
2-Nitrocamphane, 274, 436 
Nitro^Aooamphane, 278 
Nitroi^ooamphany] cyanide, 312 
a-Nitrocamphene, 314, 339 
w-Nitrooamphene, 311, 334 

1- Nitrocamphene; 313 
4^Nitrooamphenehydrato-7r*sulpho- 

lactone, 314 

Nitrooamphenilanes, 279 
a'-Nitrooamphor, 402, 410 
p^eiMfoNitrocamphor, 411 

2- Nitrofenohane, 526 
6-Nitrofenchane, 626 
ter/.-Nitro-j8-fenchane, 630 
«ec.-NitPofenchone, 671 
ter/.-Nitrofenohone, 571 
Nitrolaurolaotone, 611 
Nitropinene, 204 
a'ltfoNitrosocamphene, 316 
mNitrosooamphor, 377, 402, 410, 450, 

466, 471, 490 

— , condguration of 

stereoisomers, 472 

— f N- and 0- deriva¬ 

tives of, 474 

^oNitrosoepioamphor, 475, 519 

— , configuration of 

stereoisomers, 

476 

— , JV- and 0~ deriva¬ 

tives of, 475 

N^itrosopinene, 181-6, 227 

— , phenylurethane, 181 

isoNitrososantenone, 261 
Nitroterebenthine, 204 
Nopinic acid, 117, 192, 201 
a- and jS-Nopinols, 196 
Nopinolacetic acid, 196, 658 
Nopinone, 117, 192 

— , action of hydrogen chloride 

on, 194 

— , action of sulphuric acid on, 

195 

— , bonzylidene derivative, 194 

— , chlorodibenzylidene deriva¬ 

tive, 194 

— , reduction of, 195 

— semicarbazone, 194 
Nopol, 206 

Norborneol, 261, 366 
fr-Norbomeol, 251, 257 
Norisobomeol, 261 
w-NorMoborneol, 251 
ir-Norbomylamine, 260 
Norbomylene, 366 
Noroamphane-2-oarboxylio acid, 366 


w-Norcampholenic acid, 260 
Norisocampholic acid, 445 
Norcamphor, methylation of, 368 
TT-Noroamphor, 257 
Noppinic acid, 115, 161, 153, 219 
— acid, synthesis of, 154 
Norpinic anhydride, 153 

ailoOcimene, formation from a-pinene, 
134 

Olibanol, 214 
Olibaiium oil, 214 
Origanene, 10 


cycloP entane-1:3-dicarboxylio acid, 
243 

Percamphoric acid, 493 
Perict/clocamphane, 417 
j8-Periryciocamphanol, 417 
j3-Pericyrl<K*,araplianone, 416, 430 
Pernitrosocamphor, 440 
PernitroHofonchono, 576 
MoPernitrosofenchone, 576 
Pernitrososantenone, 261 
Phenylcamphenilol, 372 
j3-Phenylenebisiminocamphor, 477 
3-Phenylhydroxycamphor, 469 
2-Phenylhydroxyepicamphor, 469 
Phenyllivdroxyhornocampholic acid, 

458 

Phenyliminocamphor, 475 

— oxime, 475 

Pinacon-pinaoolin transformations, 158 
Pinane, 100, 199, 236 
' — , cis- and trans- forms, 102 

— , action of halogens on, 104 

— , oxidation of, 103, 104 

— , reduction of, 103 
a-Pinene, 105, 209, 210 

— , action of aluminium chloride 

on, 178 

— , action of bromine on, 168 

— , action of ^-bromosuocinimide 

on, 169 

— , action of chlorine on, 167 

— , action of ethyl diazoacetate 

on, 190 

— , action of hydrogen chloride 

on, 170 

— , action of hyiKJchlorous acid 

on, 172 

— , action of iodine on, 170 

— , action of phenylazide on, 190 

— , action of phosphorus halides 

on, 176 

— , action of picric acid on, 190 
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a-Pinene, action of sulphur on, 178 

— , action of thionyl chloride on, 

176 

— , constitution of, 106-27 

— , conversion into bornyl chlo¬ 

ride, 155 

— , conversion into cam phene, 135 

— , conversion into myrtenal and 

myrtenol, 140 

— , conversion into sobrerol, 137, 

143 

— , conversion into verbenol and 

verbenone, 139 

— di bromide {see also Bornyl di- 

bromido), 169 

— dichloride (see also Bornyl di¬ 

chloride), 167 

— , formation from 2-chloro- 

pinano, 104 

-- , formation from )3-pinene, 198 

— , general reactions of, 165 

— glyool, 147 

— , hydration of, 155, 165, 554 

— hydrochloride {see also Bornyl 

chloride), 171, 202 

— hydroxylainino-oxime, 188 

— , maleic anhydride adduct, 190 

— , molecular rearrangements of, 

156 

— nitrolamine, 180, 231 

— nitrolanilide, 180 

— nitrolbenzylamine, 132, 180 

— nitrolpiporidide, 132, 180 

— nitrosoazido, 186 

— nitrosochloride, 132, 178 

— nitrosochloride, conversion into 

nitrosopinene, 181 

— nitrosochloride, reactions of, 

179, 180, 185-90 

— nitrosochloride, regeneration of 

a-pinene from, 180 

— nitrosocyanide, 186 

— , oxidation of, 112,136 

— oxide, 141 

— , purification via nitrosochlo¬ 

ride, 180 

— phosphorate, 139 

— , physical constants of, 132 

— , pyrolysis of, 133 

— , reduction of, 100, 135 

— , stereochemistry of, 385 

— , synthesis of, 128 
/3-Pinene, 191 

— , action of formaldehyde on, 

205 

— , action of halogens on, 202 

— , action of hydrogen chloride 

on, 202 
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jS-Pinene, action of hypochlorous acid 
on, 202 

— , constitution of, 192-7 

-- glycol, 201 

— , hydration of, 202, 554 

— , hydroferrocyanio acid com¬ 

pound, 205 

— , isomerisation into a-pinene, 

198 

— nitrosite, 203 

— , oxidation of, 199-202 

— oxide, 200 

— , physical constants of, 198 

- , reduction of, 103, 199 

— , synthesis of, 197 
8-Pinone, 104, 130, 209, 217, 219 
woPinone, 549 

— , identity with a-fenchene, 541 
8-Pinene-2-carboxvlic acid, 228 
Pinicacid, 115, 151, 211 

— acid, stereochemistry of, 153 
I*inocam])hcol, 104, 206, 222 

— , derivatives of, 209 

, oxidation of, 207, 230 

— , stereoisomeric forms of, 

207, 231 

i^oPinocampheol, 207 
aeoPinocamphool, 207 
aeoi^oPinocampheol, 207 
Pinocampholenic acid. 232 
Pinocamplioiie, 146, 222, 226 

— y ris- and frans- forms of, 

229 

— , dibromo-derivative, 231 

— hydrazone, 102, 232 

— , oxidation of, 227 

— oximes, 230 

— , reduction of, 206 

— semicarbazone, 102, 228, 

230 

— , synthesis of, 130, 228 
woPinocamphone, 229 
Pinocamphoric acid, 130, 218, 227 

— acid, imide of, 237 
Pinooamphylamino, 130, 206, 232 
Pinocamphylcarbamide, 232 
Pinocarveol, 183, 199, 220, 231 

— , cIs- and irans- forms of, 207. 

222 

— , derivatives of, 222 

— , oxidation of, 222 

— , reduction of, 206 

Pinocarvone, 183, 185, 199, 221, 240 

— , derivatives of, 242 

— , reduction of, 206, 242 
Pinol, 107, 137, 201 
a-Pinolene, 541 

jS-Pinolene, see cycloFenchene 
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Pinolglycol, 173, 176, 202 

Pinolglycolchlorohydrin, 175, 176 

Pinolio acid, 149 

Pinol oxide, 173 

Pinonio acid, 116, 119, 147, 227 

— acid, CIS- and trails- forma of, 

147 

— acid, derivatives of, 148, 149 

— acid, oxidation of, 127 

— acid, synthesis of, 148 
Pinononic acid, 140, 1.50, 233, 237 

— acid, oxime and semicarbazone, 

160 

Pinophanic acid, 302 
Pinoylfonnic acid, 116, 116, 123, 164 

— acid, oxidation of, 127 

— acid, phenylhydrazonc, 

155 

Pinus longifolia, oil from, 64 
Pinus Merkusiiy oil from, 65 
Pinas palustriSf oil from, 552 
Pinus sylvestris L., oil from, 65, 73 
Pinylamine, 182, 221 
Piatacia Terebinthua L., oil from, 105 
cycloPropane-1; 1:2-tricarboxylic acid, 
287 

cycio Propane-1:2:3-tricarboxylio acid, 
327 

j8-ijJoProi)yl-8-acetylvaleronitrilc, 443 
a-i>oPropylglutario acid, 565, 676 
j3-woPropylglutaric acid, 566 
4-i>oPropyl-A®-cyriohexenonc, 19, 195 
i^oPropylidenecyclohexan-4-one, 105 
/5-t>oPropyl-levulinic acid, 40 
j3-woPropylsuccinic acid, 40 
Pulegonehydrazone, 61 
a- and jS-Pyronenes, 134 

Reyohler’s camphorsulphonic acid, see 
Camphor-a>-sul phonic acid 

Sabina glycerol, 28 
a-Sabina ketol, 17 
Sabina ketone, 17, 18, 19, 20, 22 
Sabina ketylamine, 19 
Sabinenc, 16 

— , action of bromine on, 21 

— , action of halogen acids on, 21 

— , action of isoprene on, 23 

, action of sulphuric acid on, 22 

— glycol, 17 

— hydrate, 22 

— , hydration of, 22 

— , oxidation of, 17, 20 

— , physical constants of, 19 

— , reduction of, 5, 20 
Sabinenio acid, 17 


Sabinenilanaldehyde, 21 
Sabinenilanic acid, 21 
Sabinol, 28 

— , action of halogen acids on, 32 

— , action of sulphur dioxide on, 32 

— , action of sulphuric acid on, 32 

— , 3:5-dmitrobenzoate, 29 

— , hydrogen phthalate, 30 

— , isomerisation to thiijone, 31 

— , p-nitrobenzoate, 29 

— , oxidation of, 28, 31 

— , physical constants of, 29 

— , reduction of, 25, 30 

Sage oil, 33 

Salvene, 5 

Salvia officinalis L., oil from, 33 
Salvinel, 33 

Sandalwood oil, 242, 251, 264 
Santaluni album, oil from, 243, 251, 264 
Santano, 248 

Santene, 243, 257, 265, 370 

— , constitution of, 243 

— glycol, 244 

— hydrate, 248, 251, 256 

— , hydration of, 250, 252 

— hydrochloride, 248, 249, 256 
nitrosate, 250 

— nitrosite, 248, 250 

— nitrosochloride, 248, 250 

— , oxidation of, 243, 244, 240, 257 

— , physical constants of, 248 

— , reduction t)f, 248 

— , synthesis of, 245, 248 

— tribromide, 249 
Santenenic acid, 255 

Santenio acid and stereoisomers, 253, 
264, 257, 259, 262 

— acid, synthesis of, 254 
a^k>Saiitenic acid, 254 
isoSantcnic acid, 254 
Santenol, 248, 250, 251, 265 

— , action of phosphorus penta- 

chloride on, 256 

— , hydrogen diphenate, 253 

— , oxidation of, 251, 253 

— , phonylurethane, 253 

— , stereoisomers of, 253 
y-Santenol, 249, 256 
Santenone, 251, 257, 432 

— , action of methyl magnesium 

iodide on, 263 

— , benzylidene derivative, 261 

— hydrazone, 261 

— , hydroxymethylene deriva¬ 

tive, 262 

— , oxidation of, 267, 260, 262 

— oxime, 260 

— , pemitroso-derivative, 261 
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Santenone, reduction of, 261, 260 

— semioarbazone, 258, 259, 261 
“ , stereoisomers of, 259 

— , synthesis of, 258 
t^oSantenone, 261 
a-Santenone, 259 
j3-Sautenorve, 259 
Santenone alcohol, 251 
/i-Santenone alcohol, 253 
Santenorieoarboxylic acid, 262 
Santenouequinono, 261, 262 
Santenylamiiie, 260 
Santolido, 258 

Savin, oil of, 16, 28 
Sobreroerythritol, 175 
Sobrerol, 107, 137, 143 
— diohloride, 173 
Sulphooamphylio acid, 499 

— acid, conversion into 

isolaiironolio acid, 
500 

-Sulpho-aa-diinetJiylglutaric acid, 499 
'ylvestrene dihydroehloride, 65 

Canacetone, 33 

.-Tanacetonedicarboxylic acid, 33 
ranacetopborone, 39 
Tanacetum vulgare L., oil from, 33 
Tansy oil, 33 

Xerebio acid, 71, 78, 110, 144 
Teresantalal, 266, 337 
Toreaantalic acid, 264, 337 

— acid, action c^f formic acid 

on, 251, 265 

acid, action of hydrogen 
chloride on, 266 

— acid, action of sulphuric 

acid on, 248, 265 

— acid, constitution of, 266 

taoTorosantalic acid, 269 

— acid, reduction of, 269 
Teresantalol, 264, 337 

— , action of hydrogen chlo¬ 

ride on, 270 

— , action of sulphuric acid on, 

270 

— , oxidation of, 266 

— , physical constants of, 270 
Ceresantalyl chloride, 266 
Terpenylio acid, 70, 110, 143 

Terpin hydrate, 166 
1:4-Terpm, 13 

Terpinene dihydrochloride, 12 
Terpinene-4-ol, 13 
a-Terpineol, 167 

1:2:3:4*Tetrabromo-p-menthane, 20 
Tetrahydroeuoarveol, 88, 91 


Tetrahydroeucarvone, 88, 91 
Tetrahydroeucarvoxirae, 93 
Tetrabydroeucarvylamine, 93, 94 
Tetrahydroumbellulol, 59 
Tetrahydroumbellulone, 59 
Tetramercuritricamphor di-iodide, 409 
aayy-Tetraiuetliylglutaric acid, 583 
1:1:2:5-Tctrainethyl-A*-cycioponteu-3- 
one, 393 

Thiobornool, 365, 446 
Thiocatnphor, 365, 446 
Thuja occidentalism oil fri)iu, 33, 561 
a-Thujadicarboxylic acid, 12, 19, 28, 37 
— acid, synthesis from 

iimbollularic 
acid, 57 

/S-Thujadicarboxylic acid, 39 
Thuja ketone, 37 
a-Thujaketonic acid, 12, 33, 36 

— acid, synthesis of, 37 
j8-Thujaketonic acid, 33, 37, 38 
a- and ^-Thujamenthol, 41, 42 
a- and jS-Thujamenthone, 41, 42 
Thujano, 6, 13, Ki, 30 

— , action of bromine and hy¬ 

drogen bromide on, 8 

-- , action of sulphuric acid on, 

10 

— , oxidation of, 8 

— , physical constants of, 8 
, reduction of, 8 

— , synthesis of, 6 
a-Thujene, 10, 27 

— , action of liydrogen halides 

on, 13 

— , action of sulphuric acid on, 

13 

— , hydration of, 13 

— nitrolbenzylamine, 10 

— uitrolpiperidide, 10, 12 

— nitrosochloride, 10, 12 

— , oxidation of, 12, 13 

— , physical constants of, 12 

— , reduction of, 5, 13 
jS-Thujeiie, 14, 28 

— , oxidation of, 15 

— , reduction of, 5, 15 
Thujone, 26, 32 

— , action of Grignard reagent on, 

51 

— , action of halogens on, 47 

— , benzylidene derivative, 51 

— , bisulphite oompoimd, 47 
, constitution of, 34 

— , conversion into “Isothujon^’, 

39, 46 

— 2:4-dinitrophenylhydrazone,43, 

45 
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Thujone, enolic form of, 46 

— , formation by isomerisation of 

sabinol, 31 

— iiydrazone, 6, 50 

“ , bydroxymethylene derivative, 

35, 51 

/>-nitroi>henylhydrazone, 43 
, oxidation of, 33, 35, 47 
oximo, 47 

— , physical constants of, 46 

— , reactions of active methylene 

group in, 50 

— , reduction of, 24, 46 

— semicarbazone, 43, 45, 50 

, synthesis from a-thujakctonic 
acid, 43 

wo'rhujoTie (ate also Thujone), 26, 43, 46 

— , reduction of, 24 
Thujoneisoximc, 49 
Thujyl alcohol, 23 

— alcohol, action of halogen acids 

on, 26 

— alcohol, 3:5-dmitro benzoates, 26 

— aleoliol, hydrogen phthalates, 24 

— alcohol, p-nitrobcnzoatcs, 25 

— alcohol, oxidation of, 25 

— alcohol, physical constants of, 25 

— alcohol, stereoisomers of, 24 
MoThtijyl alcohol, 24 
ncoThujyl alcohol, 24, 31 
Thujylainine, 48 

Thujyl chloride, 11, 26 
Thujylhydrazine, 5 

Thujyltrimethylammonium hydroxide, 
11,49 

aaV-Tribromocamphor, 408, 409 
aa'to-Tribromooaniphor, 407, 409 
Tribromofenchane, 572 
Tricyclal, 312, 336 
Tricyclene, 158, 266, 314, 324, 333 

— , action of halogens on, 338 

— , action of hydrogen chloride 

on, 308, 339 

— , action of nitric acid on, 314, 

339 

— , hydration of, 339 

— , physical constants of, 338 

— , reduction of, 338 

isoTricyclene, 329 

Tricyclenic acid, 298, 311, 334, 368 
Tricyclenone, 314 
Tricydol, 336 

2:2:3-Trimethylcych)hexan-4-one-1 -car¬ 
boxylic acid, 468, 469 
1:3:3-Trimethyl-A^-cycZohexene-4-car- • 
boxylio acid, 97 

2:2:3»Trimethylcyclopentaneoarboxylic 
acid, 445 
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1:2:2-Trimethylcych>pentane-3:6-dicar- 
boxyUc acid, 278 

1:1:2-Trimethyl-A*-cycZopentene-5-car- 
boxylic acid, see a-Campholytic acid 
2:3:3-Trimethyl-A^-cyclopentene-l-car- 
boxylic-4-8ulphonic acid, ate Sulpho- 
camphylic acid 

aajS-Trimethyltricarballylic acid, ate 
Camphoronic acid 

Umbellularia Californica Nuttal, oil 
from, 52 

ITmbellularic acid, 53 

— acid, synthesis of, 66 
Umbellulone, 62 

— , constitution of, 63 

— di bromide, 68 

— hydroxylamino-oxime, 60 

— , oxidation of, 63 

— , physical constants of, 67 
, reduction of, 54, 57 

— semicarbazido-semicarba- 

zoue, 57, 60 

— semicarbazone, 60 

— thiosemicarbazido-semicar- 

bazone, 60 

Umbellulonic acid, 53 

— acid, oxime, 53 

— acid, synthesis of, 67 

Valoriaii, oil of, 350 

Valeriana officinalis L., oil from, 350 

Verbanol, 216, 235, 237 

— , dehydration of, 218 

— , hydrogen phthalates, 217 

— , stereoisomers of, 217 
Vcrbanone, 235 

— , conversion into pinocam- 

phone, 228 

— , dibenzylidene derivative, 

237 

— , hydration of, 237 

— hydrazone, 102, 236 

— , oxidation of, 236 

— oxime, 235 

— semicarbazone, 235 

— , synthesis of, 236 
Verbanone-2-carboxylio acid, 228 
Verbanylamine, 239 

Verbena oil, 233 

Verbena triphyUa L., oil from, 233 
Verbenene, 218 

— dibromide, 219 
Verbenol, 214 

— , cis- and frans- forms of, 216 

— , dehydration of, 218 
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Vcrbenol, p-nitrobenzoates, 216 

— , oxidation of, 215, 216 

— , reduction of, 216 

Verbenone, 215, 232, 230 

— , action of hydrogen chlorides 

on, 237 

— , compound with sodium sul¬ 

phite, 235 

— hydroxylamino-oxime, 239 

— , oxidation of, 233, 237 

— oxide, 237 

oxime, reduction of, 239 

— ozonides, 140 

— , physical constants of, 234 


Verbenone, pinacone from, 237 

— , reduction of, 215, 237 

— semicarbazone, 234 
Verbenyl bromide, 169 
Vestrylamine hydrochloride, 81 

W agner-Meerwein isomerisation, 156 
Wormwood oil, 33 


Zanthoxylum Budrunga Wall., oil from, 
16 

Zieria SmithU, oil from, 95 





